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FIGURE 6
SURVIVAL DATA
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FIGURE 7

WEIGHT LOSS DATA
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Figure 8
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Figure 9

Weight Loss: HSN1 Immunization - HIN1 Challenge

105+
100+
95

221 —+—VNH5N1 VLP 13/15 Survivors

80- —— |ndo H5N1 VLLP 11/16 Survivors
754
70+

65+
60- —=— Naive 0/16 Survivors

% Original Weight

RE
o T T T T T T 1

0 2 4 6 8 10 12 14
Days Post Challenge



US 9,439,959 B2

1
CHIMERIC INFLUENZA VIRUS-LIKE
PARTICLES

GOVERNMENT SUPPORT

This invention was made with United States Government
support under Grant No. W81XWH-05-C-0135 and Grant
No. W81XWH-05-C-0150 from the U.S. Army Medical
Research and Material Command. The United States Gov-
ernment has certain rights in this invention.

FIELD OF THE INVENTION

The present invention relates to the field of influenza
virus-like particles. In particular, chimeric influenza virus-
like particles as are disclosed herein.

BACKGROUND OF THE INVENTION

Influenza A and B are the two types of influenza viruses
that cause epidemic human disease (111). Influenza A
viruses are further categorized into subtypes on the basis of
two surface antigens: hemagglutinin (HA) and neuramini-
dase (NA). Influenza B viruses are not categorized into
subtypes, but do under go drift whereby strains diverge over
time. Since 1977, influenza A (HIN1) viruses, influenza A
(H3N2) viruses, and influenza B viruses have been in global
circulation. Influenza A (HIN2) viruses that probably
emerged after genetic reassortment between human A
(H3N2) and A (HIN1) viruses have been detected recently
in many countries. Both influenza A and B viruses are
further separated into groups on the basis of antigenic
characteristics. New influenza virus variants result from
frequent antigenic change (i.e., antigenic drift) resulting
from point mutations that occur during viral replication.
Influenza B viruses undergo antigenic drift less rapidly than
influenza A viruses. Frequent development of antigenic
variants through antigenic drift is the virologic basis for
seasonal epidemics and the reason for the incorporation of at
least one new strains in each year’s influenza vaccine.

A person’s immunity to the surface antigens, especially
hemagglutinin, reduces the likelihood of infection and
severity of disease if infection occurs (112). It is generally
thought that antibody against one influenza virus type or
subtype confers limited or no protection against another.
Furthermore, it is generally accepted that antibody to one
antigenic variant of influenza virus might not protect against
a new antigenic variant of the same type or subtype (113).
Therefore, the demonstration of cross-protection is unex-
pected.

Human-avian reassortant influenza viruses were respon-
sible for the previous two influenza pandemics in 1957 and
1968. Since H2 viruses have not circulated in humans after
1968, an antigenic shift arising from an H2 reassortant virus
is theoretically possible at any time. However, the recent
emergence of highly pathogenic avian influenza (HPAI)
viruses (HS and H7) and the sporadic transmission of these
viruses directly from birds to humans since 1997 (1-5)
brings a new human pandemic threat potential in addition to
the population’s ever increasing susceptibility to H2 viruses.
The fact that human HPAI H5N1 outbreaks have been
antigenically distinct makes it all but impossible to prepare
advance stockpiles of a well-matched vaccine against a
pandemic threat (5, 6). While mouse H5 immunization and
challenge data indicate that good cross reactivity is seen
between various HS5 isolates in this model (7), it is not
known if similar levels of cross reactivity will be seen in
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humans with existing vaccine technology. Thus, there is a
need for influenza vaccine platforms that may be quickly
adapted to include antigens from new viral outbreaks.

The present egg-based inactivated vaccine technology is
inadequate to meet the demands of an emerging pandemic
due to the inability to propagate HPAI viruses in eggs and
the need for enhanced biocontainment (6, 8). Reverse genet-
ics approaches offer a means of producing low pathogenicity
reassortants with the desired HA and NA makeup that can be
cultured in eggs (7, 9-11); however, vaccines produced by
this approach are only now entering the clinic due to
previous intellectual property and regulatory issues (8). An
additional concern is the apparent low level immunogenicity
associated with HS hemagglutinins evaluated in human
clinical trials (12-14) which makes it clear that improved
vaccines, delivery systems, and the use of adjuvants may be
required to efficiently induce protection in a population that
is completely HS5-naive. Thus, there is a need for an influ-
enza vaccine platform that allows for expression of HPAI
antigens in combination with adjuvants.

Influenza VLPs represent an alternative technology for
generating influenza vaccines. Influenza VLPs have been
produced using the influenza matrix, HA and NA proteins
expressed in insect cells which are markedly immunogenic
following intranasal delivery (26, 27). Indeed, VLPs in
general appear well suited for the induction of mucosal and
systemic immunity following intranasal delivery as has been
shown for rotavirus, norovirus, and papilloma virus VLPs
(28-31). Influenza VLPs have been produced in eukaryotic
expression systems by expression of influenza matrix, HA
and NA proteins. The influenza matrix is the driving force
behind virus budding and NA is required for budded VLP
release from producer cells when HA is also being expressed
owing to HA’s association with sialic acid at the cell surface
(51). There are also data to indicate that interactions between
matrix and the C-terminus of HA play a role in directing
matrix to the membrane as part of the budding process (51).
Influenza VLPs produced in an insect cell baculovirus
expression system have proven immunogenic in animal
trials and represent an important strategy for future pan-
demic preparedness (26, 27, 47). In addition, intranasal
delivery of influenza VLPs can result in antibody titers
exceeding those obtained following parenteral administra-
tion. However, preliminary data indicated that use of the
matrix protein in generating influenza VLPs resulted in poor
yields of VLPs which renders the matrix derived influenza
VLPs a poor choice to date for an alternate form of influenza
vaccine. This is consistent with more recent data showing
that influenza virus particle assembly is complex and that the
matrix protein is really not the driving force behind particle
assembly (Chen et al J Virol. 2007 July; 81 (13):7111-23).
Thus, there is a need for an influenza vaccine platform that
can generate sufficient quantities of VLPs for vaccine pro-
duction. In addition, there is a need for an influenza vaccine
platform that can provide drift and heterosubtypic protection
against influenza to rapidly provide protection against new
emerging strains and subtypes before better matched vac-
cines can be developed and produced.

SUMMARY

The present invention meets these needs by providing
various methods and compositions as disclosed herein for
production and use of chimeric influenza VLPs that may be
generated in sufficient quantities for vaccine production,
may be delivered by a variety of means including intrana-
sally, may be quickly adapted to novel strains of influenza
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virus as they arise and may include adjuvants as a part of the
VLP itself as needed to enhance immunogenicity. In addi-
tion, the chimeric influenza VLPs disclosed herein can
provide heterosubtypic protection against influenza. As used
throughout, influenza refers generically to either or both of
influenza A and B unless otherwise indicated.

In one aspect, a chimeric influenza virus-like particle has
a gag polypeptide, and a neuraminidase polypeptide. In
preferred embodiments the chimeric influenza virus-like
particle also has a hemagglutinin polypeptide. The gag
polypeptide is preferably from a retrovirus which may
include murine leukemia virus, human immunodeficiency
virus, Alpharetroviruses, Betaretroviruses, Gammaretrovi-
ruses, Deltaretroviruses, Deltaretroviruses and Lentiviruses.
In certain embodiments, the chimeric influenza virus-like
particle may include two or more hemagglutinin polypep-
tides from different influenza strains, preferably H1, H2, H3,
HS, H7 and H9 hemagglutinins. In certain embodiments, the
chimeric influenza virus-like particle may include two or
more neuraminidase polypeptides from different influenza
strains.

In certain embodiments, the hemagglutinin polypeptide of
the chimeric influenza virus-like particle is covalently linked
to an additional influenza antigen or an adjuvant polypep-
tide. The preferable form of covalent linkage is by splicing
the gene of the influenza antigen in-frame with the hemag-
glutinin polypeptide gene to produce a chimeric polypep-
tide, preferably the influenza antigen will be linked to the
N-terminus of the hemagglutinin polypeptide. In certain
embodiments, the gag polypeptide of the chimeric influenza
virus-like particle is covalently linked to an influenza anti-
gen or an adjuvant. The preferable form of covalent linkage
is by splicing the gene of the influenza antigen in-frame with
the gag polypeptide gene to produce a chimeric polypeptide,
preferably the influenza antigen will be linked to the C-ter-
minus of the gag polypeptide. In certain embodiments, the
neuraminidase polypeptide of the chimeric influenza virus-
like particle is covalently linked to an influenza antigen or an
adjuvant. The preferable form of covalent linkage is by
splicing the gene of the influenza antigen in-frame with the
neuraminidase polypeptide gene to produce a chimeric poly-
peptide, preferably the influenza antigen will be linked to the
C-terminus of the neuraminidase polypeptide.

Preferred examples of influenza antigens that may be
attached or otherwise included with the chimeric influenza
virus-like particles include, without limitation, PB2, PB1,
PA, nucleoprotein, Matrix (M1), BM2, NS, NS1, and NS2 or
individual epitopes within the proteins or polypeptides and
more preferably the influenza virus M2 epitope. For Influ-
enza A, the preferred examples include: PB2, PB1, PA,
nucleoprotein, Matrix (M1), M2, NS1, and NS2. For Influ-
enza B, the preferred examples include: HA, NA, NP, M,
PB1, PB2, PA, NS and BM2. In some embodiments, the
virus-like particle may include multiple influenza antigens
which may be multiple copies of the same antigen, prefer-
ably two or more, three or more, five or more or eight or
more copies of the same antigen or multiple copies of
different influenza antigens, preferably two or more, three or
more or five or more different influenza antigens. In certain
embodiments, the multiple influenza antigens may be the
same antigen but from different strains of influenza.

Preferred examples of adjuvants that may be attached or
otherwise included with the chimeric influenza virus-like
particles may be found throughout the specification. Par-
ticularly preferred adjuvants are adjuvants that are polypep-
tides that may be co-expressed with or expressed as in-frame
fusions with the gag polypeptide, the neuraminidase poly-
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peptide, or the hemagglutinin polypeptide. Preferred
examples of polypeptide adjuvants include flagellin and
adjuvant-active fragments thereof, cytokines, colony-stimu-
lating factors (e.g., GM-CSF, CSF, and the like); interferons;
tumor necrosis factor; interleukin-2, -7, -12, and other like
growth factors.

Another aspect of the chimeric influenza virus-like par-
ticles disclosed herein is expression vector systems. Such
expression vector systems will typically include a first
nucleotide sequence encoding a gag polypeptide and a
second nucleotide sequence encoding a neuraminidase poly-
peptide. In preferred embodiments, the expression vector
systems may include a third nucleotide sequence encoding a
hemagglutinin polypeptide. Upon expression of the expres-
sion vector systems in a cellular host, the polypeptides will
form a chimeric influenza virus-like particle. In certain
embodiments, expression vector systems will have each
nucleotide sequence in a separate vector, though preferably,
some of the nucleotide sequences will be in the same vector,
and most preferably, all of the nucleotide sequences will be
in the same vector (i.e., the first, second, and third nucleotide
sequences are in a single expression vector). In certain
embodiments, each nucleotide sequence will be operably
linked to its own promoter, but in some embodiments, two
or more nucleotide sequences will be operably linked to the
same promoter, and in some embodiments, all of the nucleo-
tide sequences will be operably linked to the same promoter
(i.e., the first, second, and third nucleotide sequences are
operably linked to a single promoter). In various embodi-
ments, the expression vector systems may include additional
elements to produce the chimeric virus-like particle systems
described throughout such as nucleotide sequences encoding
a polypeptide adjuvant and nucleotide sequences encoding
influenza antigens each of which may be expressed as
separate polypeptides or included as in-frame fusions with
the nucleotide sequence encoding the gag polypeptide, the
neuraminidase polypeptide, the hemagglutinin polypeptide,
a polypeptide adjuvant or an influenza antigen. Preferred
expression vector systems are viral vector systems which
may include adenoviruses, herpesviruses, poxviruses, and
retroviruses and preferably baculoviruses.

Another aspect of the chimeric influenza virus-like par-
ticles disclosed herein is methods for producing a chimeric
influenza virus-like particle. Preferred methods include use
of the expression vector systems as disclosed herein. Pref-
erably by providing one or more expression vectors,
together which express a gag polypeptide, a neuraminidase
polypeptide and in some embodiments a hemagglutinin
polypeptide; introducing the one or more expression vectors
into a cell; and expressing the gag polypeptide, the
neuraminidase polypeptide and in some embodiments the
hemagglutinin polypeptide, and to produce said chimeric
influenza virus-like particle. Once the chimeric influenza
virus-like particle is produced, it may be recovered from the
media in which said cell is cultured. Preferred cells include
insect cells and mammalian cells.

Another aspect of the chimeric influenza virus-like par-
ticles disclosed herein is methods for treating or preventing
influenza comprising administering to a subject an immu-
nogenic amount of any of the chimeric influenza virus-like
particles described herein. Preferably the administering will
induce a protective immunization response in the subject.
Examples of methods of administration include subcutane-
ous delivery, intradermal delivery, subdermal delivery,
transcutaneous delivery intramuscular delivery, peroral
delivery, oral delivery, intranasal delivery, buccal delivery,
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sublingual delivery, intraperitoneal delivery, intravaginal
delivery, anal delivery and intracranial delivery.

Another aspect of the chimeric influenza virus-like par-
ticles disclosed herein is pharmaceutical compositions
which can include an immunogenic or therapeutic amount of
any of the chimeric influenza virus-like particles describe
herein. Such pharmaceutical compositions preferably will
include a pharmaceutically acceptable carrier that is prefer-
ably formulated for the preferred delivery method.

In certain embodiments, the chimeric influenza virus-like
particles disclosed herein induce protection against chal-
lenge from different influenza subtypes (e.g., heterosubtypic
protection wherein a virus-like particle vaccine of this
invention including an H1 hemagglutinin polypeptide can
protect against an infection from an influenza virus contain-
ing the H3 or HS subtype). In certain other embodiments, the
chimeric influenza virus-like particles disclosed herein
induce protection against virus variants or variations within
a particular influenza subtype (e.g., homotypic protection
wherein a virus-like particle vaccine of this invention
including an H1 hemagglutinin polypeptide can protect
against an infection from an influenza virus containing that
H1 hemagglutinin polypeptide or a drift variant of the H1
subtype). Thus, the vaccine of this invention is able to
provide robust protection against widely divergent viruses,
which may be especially important in situations of pandemic
influenza outbreaks.

Therefore, another aspect of the disclosed chimeric virus-
like particles includes methods of using any of the virus-like
particles disclosed herein to provide drift variant, homotypic
and/or heterosubtypic protection against influenza by
administering to a subject an immunogenic amount of a
chimeric influenza virus-like particle as disclosed herein.

In certain embodiments the chimeric influenza virus-like
particle vaccine will include hemagglutinin and neuramini-
dase polypeptides that match the currently circulating influ-
enza virus strains, and provide homotypic protection against
those strains as well as drift variants. In some embodiments,
the homotypic protection will include protection against
drift variants of the hemagglutinin polypeptide, e.g., variants
of'the H1 polypeptide. In other embodiments, the homotypic
protection will include protection against drift variants of the
neuraminadase polypeptide, e.g., variants of the N1 poly-
peptide.

In other embodiments, the chimeric influenza virus-like
particle vaccine will provide heterosubtypic protection
against hemagglutinin and neuraminidase strains that are not
present in the chimeric VLP. For example, an HIN1 VLP
provides protection against H3N2 and an HSN1 VLP pro-
vides protection against HIN1. As further examples, the
VLP may provide the following types of heterosubtypic
protection: protection against H2, H3, HS, H7 or H9 influ-
enza viruses when the administered hemagglutinin polypep-
tide is H1; protection against H2, H5, H7 or H9 influenza
viruses when the administered hemagglutinin polypeptide is
H3; protection against H1, H2, H3, H7 or H9 influenza
viruses when the administered hemagglutinin polypeptide is
HS; protection against H1 influenza viruses when the admin-
istered hemagglutinin polypeptide is H5; protection against
H3 influenza viruses when the administered hemagglutinin
polypeptide is H1; and protection against N2 influenza
viruses when the administered neuraminidase polypeptide is
NI1.

In preferred embodiments the chimeric influenza virus-
like particle vaccine that includes a hemagglutinin polypep-
tide (e.g., H1) will provide both heterosubtypic protection
against different hemagglutinin influenza virus subtypes
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(e.g., H2, H3, HS, H7, H9) as well as homotypic protection
against H1 and drift variants of the Hl hemagglutinin. In
other preferred embodiments, the virus-like particles that
include a neuraminidase polypeptide (e.g., N1) will provide
heterosubtypic protection against different neuraminidase
influenza virus subtypes (e.g., N2) as well as homotypic
protection against N1 and drift variants of N1 neuramini-
dase. The chimeric virus-like particles may be administered
by any method available in the art, including the adminis-
tration methods disclosed herein.

SUMMARY OF THE FIGURES

FIG. 1 shows western blots of the media from Sf9 cells
infected with separate Gag, HA or control vectors and with
HA-gag-NA ftriple vectors. (A) was probed with anti-Gag
antibodies and (B) was probed with anti-HA antibodies.

FIG. 2 shows western blots of fractions from a sucrose
step gradient recentrifugation of pelleted HA-gag-NA VLPs.
(A) was probed with anti-Gag antibodies and (B) was
probed with anti-HA antibodies.

FIG. 3 shows the results of the HAI assay in which 100%
of the animals in both the i.n. and i.p. immunization groups
responded with protective level HAI titers (1:40, indicated
by dotted line on graph) or higher following the primary
immunization.

FIG. 4 shows the arrangement of coding sequences in the
triple expression vector for Example 1, below.

FIG. 5 shows immunogenicity of gag-HA-NA VLPs
(HIN1) following primary and booster immunizations via
i.p. inoculation.

FIG. 6 shows survival data from VLP-vaccinated and
naive mice following HIN1 and H3N2 swarm challenge.

FIG. 7 shows weight loss data from VL.P-vaccinated and
naive mice following HIN1 and H3N2 swarm challenge.

FIG. 8 shows the specificity of sera from immunized mice
for a commercially-obtained recombinant H5 Vietnam HA
molecule used in the ELISA assay.

FIG. 9 shows the weight loss and survival data from
Indonesia HSN1 VLP-vaccinated, Vietnam HS5N1 VLP-
vaccinated, and naive mice following HIN1 challenge.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The present invention includes gag polypeptides as the
basis for formation of the chimeric influenza VLPs, prefer-
ably from the murine leukemia virus (MLV). A preferred
method of generating the VLPs is by expression in insect
cells, preferably including coexpression of the influenza HA
and NA polypeptide antigens, because of the significant
yields of gag VLPs that can be obtained from a variety of
retroviruses in the baculovirus expression system (23, 24,
46, 49, 52-58). Gag polypeptides inherently include C-ter-
minal extensions in the natural retroviral assembly process
in that functional gag proteins naturally have large C-termi-
nal extensions containing retroviral protease, reverse tran-
scriptase, and integrase activity due to ribosomal frameshift-
ing. Production of functional gag proteins with artificial
extensions has been accomplished for both RSV gag (59)
and MLV gag (60). This flexibility in manipulation of the
gag C-terminus provides an important site for inclusion of
other polypeptides such as other antigens and immunostimu-
latory protein sequences such as the TLRS agonist flagellin
in influenza chimeric VLPs disclosed herein.

The production of chimeric VLPs containing a core
particle from one virus and surface antigens from another is
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called pseudotyping. MLV gag VLPs are efficiently
pseudotyped with influenza HA and NA since these proteins
are concentrated within lipid raft domains (61, 62) while
myristolated gag proteins also concentrate at the inner
surface of lipid raft domains during the budding process
(63). Recent data show that incorporation of influenza HA
onto MLV gag particles in mammalian cells occurs passively
at the cell membrane via concentration of both components
in coincident locations (64). In addition, influenza HA
molecules have been efficiently pseudotyped onto SIV VLPs
as a means of markedly improving the immunogenicity of
the SIV VLPs (24, 25).

In addition, with respect to influenza VLP production in
a baculovirus insect cell system it can be argued that NA is
not required for VLP release since terminal sialic acid
residues are not found on carbohydrates in Spodoptera
frugiperda S19 cells. This is consistent with data showing
that influenza HA can be pseudotyped onto SIV VLPs in the
absence of NA as stated above (24, 25). However, surpris-
ingly as described in the Examples below production and
release of gag-HA VL Ps in baculovirus-infected insect cells
requires the expression of NA. In the present expression
system gag-HA co-expression in the absence of NA resulted
in considerable cell clumping with a significant number of
fusion events taking place. Unexpectedly, the addition of
NA in the expression vector results in VLP release into the
medium as well as the incorporation of an additional impor-
tant antigen in the VLP vaccine.

Finally, the chimeric virus-like particles disclosed herein
show an unexpected property in that they provide hetero-
subtypic protection against influenza as described in the
Examples. Such heterosubtypic protection has only been
observed with live infections or live vaccines. Thus, the
disclosed chimeric virus-like particles may be used to pro-
vide heterosubtypic protection and protection against drift
variants within a subtype of virus. This capacity greatly
extends the utility of the disclosed virus-like particles in
protecting against new variants of influenza that could lead
to flu pandemics.

The practice of the disclosed methods and protocols will
employ, unless otherwise indicated, conventional techniques
of chemistry, molecular biology, microbiology, recombinant
DNA and immunology, which are within the capabilities of
a person of ordinary skill in the art. Such techniques are
explained in the literature. See, for example, J. Sambrook, E.
F. Fritsch, and T. Maniatis, 1989, Molecular Cloning: A
Laboratory Manual, Second Edition, Books 1-3, Cold
Spring Harbor Laboratory Press; Ausubel, F. M. et al. (1995
and periodic supplements; Current Protocols in Molecular
Biology, ch. 9, 13, and 16, John Wiley & Sons, New York,
N.Y.); B. Roe, J. Crabtree, and A. Kahn, 1996, DNA
Isolation and Sequencing: Essential Techniques, John Wiley
& Sons; J. M. Polak and James O’D. McGee, 1990, In Situ
Hybridization: Principles and Practice; Oxford University
Press; M. J. Gait (Editor), 1984, Oligonucleotide Synthesis:
A Practical Approach, Irl Press; and, D. M. J. Lilley and J.
E. Dahlberg, 1992, Methods of Enzymology: DNA Structure
Part A: Synthesis and Physical Analysis of DNA Methods in
Enzymology, Academic Press. Each of these general texts is
herein incorporated by reference.

Definitions

The “Gag polypeptide” as used herein is the retrovirus
derived structural polypeptide that is responsible for forma-
tion of the virus like particles described herein. In some
embodiments, the gag polypeptide may be purposely
mutated in order to affect certain characteristics such as the
propensity to package RNA or the efficiency of particle
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formation and budding. One example of such a mutation
would be amino acid changes that affect the ability of
gag-derived VLPs to incorporate RNA. Other such amino
acid changes could be made that improve or modify the
efficiency of VLP budding. The genome of retroviruses
codes for three major gene products: the gag gene coding for
structural proteins, the pol gene coding for reverse tran-
scriptase and associated proteolytic polypeptides, nuclease
and integrase associated functions, and env whose encoded
glycoprotein membrane proteins are detected on the surface
of infected cells and also on the surface of mature released
virus particles. The gag genes of all retroviruses have an
overall structural similarity and within each group of retro-
viruses are conserved at the amino acid level. The gag gene
gives rise to the core proteins excluding the reverse tran-
scriptase. For MLV the Gag precursor polyprotein is
Pr65°€ and is cleaved into four proteins whose order on the
precursor is NH,-p15-pp12-p30-p10-COOH. These cleav-
ages are mediated by a viral protease and may occur before
or after viral release depending upon the virus. The MLV
Gag protein exists in a glycosylated and a non-glycosylated
form. The glycosylated forms are cleaved from gPr80°+&
which is synthesized from a different inframe initiation
codon located upstream from the AUG codon for the non-
glycosylated Pr65€. Deletion mutants of MLV that do not
synthesize the glycosylated Gag are still infectious and the
non-glycosylated Gag can still form virus-like particles, thus
raising the question over the importance of the glycosylation
events. The post translational cleavage of the HIV-1 Gag
precursor of pr559°€ by the virus coded protease yields the
N-myristoylated and internally phosphorylated p17 matrix
protein (pl7MA), the phosphorylated p24 capsid protein
(p24CA), and the nucleocapsid protein p15 (p1SNC), which
is further cleaved into p9 and p6.

Structurally, the prototypical Gag polyprotein is divided
into three main proteins that always occur in the same order
in retroviral gag genes: the matrix protein (MA) (not to be
confused with influenza matrix protein M1, which shares the
name matrix but is a distinct protein from MA), the capsid
protein (CA), and the nucleocapsid protein (NC). Processing
of the Gag polyprotein into the mature proteins is catalyzed
by the retroviral encoded protease and occurs as the newly
budded viral particles mature. Functionally, the Gag poly-
protein is divided into three domains: the membrane binding
domain, which targets the Gag polyprotein to the cellular
membrane; the interaction domain which promotes Gag
polymerization; and the late domain which facilitates release
of nascent virions from the host cell. The form of the Gag
protein that mediates assembly is the polyprotein. Thus, the
assembly domains need not lie neatly within any of the
cleavage products that form later. The Gag polypeptide as
included herein therefore includes the important functional
elements for formation and release of the VLPs. The state of
the art is quite advanced regarding these important func-
tional elements. See, e.g., Hansen et al. J. Virol 64, 5306-
5316, 1990; Will et al., AIDS 5, 639-654, 1991; Wang et al.
J. Virol. 72, 7950-7959, 1998; McDonnell et al., J. Mol.
Biol. 279, 921-928, 1998; Schultz and Rein, J. Virol. 63,
2370-2372, 1989; Accola et al., J. Virol. 72, 2072-2078,
1998; Borsetti et al., J. Virol., 72, 9313-9317, 1998; Bow-
zard et al., J. Virol. 72, 9034-9044, 1998; Krishna et al., J.
Virol. 72, 564-577, 1998; Wills et al., J. Virol. 68, 6605-
6618, 1994; Xiang et al., J. Virol. 70, 5695-5700, 1996;
Garnier et al., J. Virol. 73, 2309-2320, 1999.

As used in the VLPs of the present invention, the gag
polypeptide shall at a minimum include the functional
elements for formation of the VLP. The gag polypeptide may
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optionally include one or more additional polypeptides that
may be generated by splicing the coding sequence for the
one or more additional polypeptides into the gag polypeptide
coding sequence. A preferred site for insertion of additional
polypeptides into the gag polypeptide is the C-terminus.

Preferred retroviral sources for Gag polypeptides include
murine leukemia virus, human immunodeficiency virus,
Alpharetroviruses (such as the avian leucosis virus or the
Rous sarcoma virus), Betaretroviruses (such as mouse mam-
mary tumor virus, Jaagsiekte sheep retrovirus and Mason-
Phizer monkey virus), Gammaretroviruses (such as murine
leukemia virus, feline leukemia virus, reticuloendotheliosis
virus and gibbon ape leukemia virus), Deltaretroviruses
(such as human T-lymphotrophic virus and bovine leukemia
virus), Epsilonretroviruses (such as walleye dermal sarcoma
virus), or Lentiviruses (human immunodeficiency virus type
1, HIV-2, simian immunodeficiency virus, feline immuno-
deficiency virus, equine infectious anemia virus, and caprine
arthritis encephalitis virus).

The “hemagglutinin polypeptide” as used herein is
derived from the influenza virus protein that mediates bind-
ing of the virus to the cell to be infected. The protein is an
antigenic glycoprotein found anchored to the surface of
influenza viruses by a single membrane spanning domain. At
least sixteen subtypes of the influenza hemagglutinin have
been identified labeled H1 through H16. H1, H2, and H3, are
found in human influenza viruses. Highly pathogenic avian
flu viruses with H5, H7 or H9 hemagglutinins have been
found to infect humans at a low rate. It has been reported that
single amino acid changes in the avian virus strain’s type HS
hemagglutinin have been found in human patients that alters
the receptor specificity to allow the H5 hemagglutinin to
significantly alter receptor specificity of avian HS5NI1
viruses, providing them with an ability to bind to human
receptors (109 and 110). This finding explains how an HSN1
virus that normally does not infect humans can mutate and
become able to efficiently infect human cells.

Hemagglutinin is a homotrimeric integral membrane
polypeptide. The membrane spanning domain naturally
associates with the raft-lipid domains, which allows it to
associate with the gag polypeptides for incorporation into
VLPs. It is shaped like a cylinder, and is approximately 135
A long. The three identical monomers that constitute HA
form a central coiled-coil and a spherical head that contains
the sialic acid binding sites, which is exposed on the surface
of the VLLPs. HA monomers are synthesized as a single
polypeptide precursor that is glycosylated and cleaved into
two smaller polypeptides: the HA1 and HA2 subunits. The
HA2 subunits form the trimeric coiled-coil that is anchored
to the membrane and the HA1 subunits form the spherical
head.

As used in the VLPs of the present invention, the hemag-
glutinin polypeptide shall at a minimum include the mem-
brane anchor domain and at least one epitope from hemag-
glutinin. The hemagglutinin polypeptide may be derived
from any influenza virus type, subtype, strain or substrain,
preferably from the H1, H2, H3, H5, H7 and H9 hemag-
glutinins. In addition, the hemagglutinin polypeptide may be
a chimera of different influenza hemagglutinins. The hemag-
glutinin polypeptide may optionally include one or more
additional polypeptides that may be generated by splicing
the coding sequence for the one or more additional poly-
peptides into the hemagglutinin polypeptide coding
sequence. A preferred site for insertion of additional poly-
peptides into the hemagglutinin polypeptide is the N-termi-
nus.
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The “neuraminidase polypeptide” as used herein is
derived from the influenza virus protein that mediates
release of the influenza virus from the cell by cleavage of
terminal sialic acid residues from glycoproteins. The
neuraminidase glycoprotein is expressed on the viral sur-
face. The neuraminidase proteins are tetrameric and share a
common structure consisting of a globular head with a
beta-pinwheel structure, a thin stalk region, and a small
hydrophobic region that anchors the protein in the virus
membrane by a single membrane spanning domain. The
active site for sialic acid residue cleavage includes a pocket
on the surface of each subunit formed by fifteen charged
amino acids, which are conserved in all influenza A viruses.
At least nine subtypes of the influenza neuraminidase have
been identified labeled N1 through N9.

As used in the VLPs of the present invention, the
neuraminidase polypeptide shall at a minimum include the
membrane anchor domain and at least the sialic acid residue
cleavage activity. The state of the art regarding functional
regions is quite high. See, e.g., Varghese et al., Nature 303,
35-40, 1983; Colman et al., Nature 303, 41-44, 1983; Lentz
et al., Biochem, 26, 5321-5385, 1987; Webster et al., Virol.
135, 30-42, 1984. The neuraminidase polypeptide may be
derived from any influenza virus type, subtype strain or
substrain, preferable from the N1 and N2 neuraminidases. In
addition, the neuraminidase polypeptide may be a chimera
of different influenza neuraminidase. The neuraminidase
polypeptide may optionally include one or more additional
polypeptides that may be generated by splicing the coding
sequence for the one or more additional polypeptides into
the neuraminidase polypeptide coding sequence. A preferred
site for insertion of additional polypeptides into the
neuraminidase polypeptide is the C-terminus.

The terms “chimeric virus-like particle” and “VLP” are
used interchangeably throughout except where VLP by its
context is referring to a virus-like particle that is not formed
with a gag polypeptide as disclosed herein.

Preferred Methods of Making VLPs

VLPs may be readily assembled by any methods available
to one of skill in the art that preferably results in the
assembled VLPs including a gag polypeptide and a
neuraminidase polypeptide and may further include a
hemagglutinin polypeptide. In preferred embodiments, the
polypeptides may be co-expressed in any available protein
expression system, preferably a cell-based system that
includes raft-lipid domains in the lipids such as mammalian
cell expression systems and insect cell expression systems.

Numerous examples of expression of VLPs formed using
a gag polypeptide have been published demonstrating the
range of expression systems available for generating VLPs.
Studies with several retroviruses have demonstrated that the
Gag polypeptide expressed in the absence of other viral
components is sufficient for VLP formation and budding at
the cell surface (Wills and Craven AIDS 5, 639-654, 1991;
Zhou et al., 3. Virol. 68, 2556-2569, 1994; Morikawa et al.,
Virology 183, 288-297, 1991; Royer et al., Virology 184,
417-422, 1991; Gheysen et al., Cell 59, 103-112, 1989;
Hughes et al., Virology 193, 242-255, 1993; Yamshchikov et
al., Virology 214, 50-58, 1995). Formation of VLP upon
expression of the Gag precursor in insect cells using a
Baculovirus vector has been demonstrated by several groups
(Delchambre et al., EMBO J. 8, 2653-2660, 1989; Luo et al.,
Virology 179, 874-880, 1990; Royer et al., Virology 184,
417-422, 1991; Morikawa et al., Virology 183, 288-297,
1991; Zhou et al., J. Virol. 68, 2556-2569, 1994; Gheysen et
al., Cell 59, 103-112, 1989; Hughes et al., Virology 193,
242-255, 1993; Yamshchikov et al., Virology 214, 50-58,
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1995). These VLPs resemble immature lentivirus particles
and are efficiently assembled and released by budding from
the insect cell plasma membrane.

It has been reported that the amino terminal region of the
Gag precursor is a targeting signal for transport to the cell
surface and membrane binding which is required for virus
assembly (Yu et al., J. Virol. 66, 4966-4971, 1992; an, X et
al., J. Virol. 67, 6387-6394, 1993; Zhou et al., J. Virol. 68,
2556-2569, 1994; Lee and Linial J. Virol. 68, 6644-6654,
1994; Dorfman et al., J. Virol. 68, 1689-1696, 1994; Facke
et al., J. Virol. 67, 4972-4980, 1993). Assembly of recom-
binant HIV based VLPs that contain Gag structural proteins
as well as Env glycoproteins gp120 and gp4l has been
reported using a vaccinia virus expression system (Haffar et
al., I. Virol. 66, 4279-4287, 1992).

Recombinant expression of the polypeptides for the VLPs
requires construction of an expression vector containing a
polynucleotide that encodes one or more of the polypep-
tides. Once a polynucleotide encoding one or more of the
polypeptides has been obtained, the vector for the produc-
tion of the polypeptide may be produced by recombinant
DNA technology using techniques well known in the art.
Thus, methods for preparing a protein by expressing a
polynucleotide containing any of the VLP polypeptide-
encoding nucleotide sequences are described herein. Meth-
ods which are well known to those skilled in the art can be
used to construct expression vectors containing the VLP
polypeptide coding sequences and appropriate transcrip-
tional and translational control signals. These methods
include, for example, in vitro recombinant DNA techniques,
synthetic techniques, and in vivo genetic recombination. The
invention, thus, provides replicable vectors comprising a
nucleotide sequence encoding a gag polypeptide, a
neuraminidase polypeptide and/or a hemagglutinin polypep-
tide operably linked to one or more promoters.

The expression vector may be transferred to a host cell by
conventional techniques and the transfected cells are then
cultured by conventional techniques to produce the VLP
polypeptide(s). Thus, the invention includes host cells con-
taining a polynucleotide encoding one or more of the VLP
polypeptides operably linked to a heterologous promoter. In
preferred embodiments for the generation of VLPs, vectors
encoding both the gag polypeptide and the neuraminidase
and optionally the hemagglutinin polypeptide may be co-
expressed in the host cell for generation of the VLP, as
detailed below.

A variety of host-expression vector systems may be
utilized to express the VLP polypeptides. Such host-expres-
sion systems represent vehicles by which the VLP polypep-
tides may be produced to generate VL.Ps preferably by
co-expression. A wide range of hosts may be used in
construct of appropriate expression vectors and preferred
host-expression systems are those hosts that have lipid rafts
suitable for assembly of the VLP. These include but are not
limited to microorganisms such as bacteria (e.g., £. coli, B.
subtilis) transformed with recombinant bacteriophage DNA,
plasmid DNA or cosmid DNA expression vectors containing
VLP polypeptide coding sequences; yeast (e.g., Saccharo-
myces, Pichia) transformed with recombinant yeast expres-
sion vectors containing VL.P polypeptide coding sequences;
insect cell systems infected with recombinant virus expres-
sion vectors (e.g., baculovirus) containing VLP polypeptide
coding sequences; plant cell systems infected with recom-
binant virus expression vectors (e.g., cauliflower mosaic
virus, CaMV; tobacco mosaic virus, TMV) or transformed
with recombinant plasmid expression vectors (e.g., Ti plas-
mid) containing VLP polypeptide coding sequences; or
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mammalian cell systems (e.g., COS, CHO, BHK, 293, 3T3
cells) harboring recombinant expression constructs contain-
ing promoters derived from the genome of mammalian cells
(e.g., metallothionein promoter) or from mammalian viruses
(e.g., the adenovirus late promoter; the vaccinia virus 7.5K
promoter). Preferably, mammalian cells and more preferably
insect cells are used for the expression of the VLP polypep-
tides as both have membranes containing lipid rafts suitable
for assembly of the VLPs. For example, mammalian cells
such as Chinese hamster ovary cells (CHO), in conjunction
with a vector such as the major intermediate early gene
promoter element from human cytomegalovirus is an effec-
tive expression system for VLP polypeptides (Foecking et
al., Gene 45:101 (1986); Cockett et al., Bio/Technology 8:2
(1990)).

In an insect system, Autographa californica nuclear poly-
hedrosis virus (AcNPV) may be used as a vector to express
foreign genes. The virus grows in Spodoptera frugiperda
cells. The VLP polypeptide coding sequence(s) may be
cloned individually into non-essential regions (for example
the polyhedrin gene) of the virus and placed under control of
an AcNPV promoter (for example the polyhedrin promoter).

In mammalian host cells, a number of viral-based expres-
sion systems may be utilized. In cases where an adenovirus
is used as an expression vector, the VLP polypeptide
sequence(s) of interest may be ligated to an adenovirus
transcription/translation control complex, e.g., the late pro-
moter and tripartite leader sequence. This chimeric gene
may then be inserted in the adenovirus genome by in vitro
or in vivo recombination. Insertion in a non-essential region
of the viral genome (e.g., region E1 or E3) will result in a
recombinant virus that is viable and capable of expressing
the VLP polypeptide(s) in infected hosts. (e.g., see Logan &
Shenk, Proc. Natl. Acad. Sci. USA 81:355-359 (1984)).
Specific initiation signals may also be required for efficient
translation of inserted VLP polypeptide coding sequence(s).
These signals include the ATG initiation codon and adjacent
sequences. Furthermore, the initiation codon must be in
phase with the reading frame of the desired coding sequence
to ensure translation of the entire insert. These exogenous
translational control signals and initiation codons can be of
a variety of origins, both natural and synthetic. The effi-
ciency of expression may be enhanced by the inclusion of
appropriate transcription enhancer elements, transcription
terminators, etc. (see Bittner et al., Methods in Enzymol.
153:51-544 (1987)).

In addition, a host cell strain may be chosen which
modulates the expression of the inserted sequences, or
modifies and processes the gene product in the specific
fashion desired. Such modifications (e.g., glycosylation) and
processing (e.g., cleavage or transport to the membrane) of
protein products may be important for the generation of the
VLP or function of a VLP polypeptide or additional poly-
peptide such as an adjuvant or additional antigen. Different
host cells have characteristic and specific mechanisms for
the post-translational processing and modification of pro-
teins and gene products. Appropriate cell lines or host
systems can be chosen to ensure the correct modification and
processing of the foreign protein expressed. To this end,
eukaryotic host cells which possess the cellular machinery
for proper processing of the primary transcript, glycosy-
lation, and phosphorylation of the gene product may be
used.

The host cell may be co-transtected with two expression
vectors described herein, the first vector encoding a gag
polypeptide and the second vector encoding a neuraminidase
polypeptide. In certain embodiments, a third vector encod-
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ing a hemagglutinin polypeptide may also be co-transfected
or either the first or second vector may additionally express
the hemagglutinin polypeptide. The two vectors may contain
identical selectable markers which enable equal expression
of' each VLP polypeptide. Alternatively, a single vector may
be used which encodes, and is capable of expressing, both
the gag polypeptide and the neuraminidase polypeptide and
optionally the hemagglutinin polypeptide.

Once a VLP has been produced by a host cell, it may be
purified by any method known in the art for purification of
a polypeptide, for example, by chromatography (e.g., ion
exchange, affinity, particularly by affinity for any affinity
purification tags added to the polypeptide, and sizing col-
umn chromatography), centrifugation, differential solubility,
or by any other standard technique for the purification of
proteins or other macromolecules. In addition, the VLP
polypeptide can be fused to heterologous polypeptide
sequences described herein or otherwise known in the art, to
facilitate purification of the VLP. After purification, addi-
tional elements such as additional antigens or adjuvants may
be physically linked to the VLP either through covalent
linkage to the VLP polypeptides or by other non-covalent
linkages mechanism. In preferred embodiments where the
VLP polypeptides are co-expressed in a host cell that has
raft-lipid domains such as mammalian cells and insect cells,
the VLPs will self assemble and release allowing purifica-
tion of the VLPs by any of the above methods.

Preferred Methods of Using VLPs

Formulations

A preferred use of the VLPs described herein is as a
vaccine preparation. Typically, such vaccines are prepared
as injectables either as liquid solutions or suspensions; solid
forms suitable for solution in, or suspension in, liquid prior
to injection may also be prepared. Such preparations may
also be emulsified or produced as a dry powder. The active
immunogenic ingredient is often mixed with excipients
which are pharmaceutically acceptable and compatible with
the active ingredient. Suitable excipients are, for example,
water, saline, dextrose, sucrose, glycerol, ethanol, or the
like, and combinations thereof. In addition, if desired, the
vaccine may contain auxiliary substances such as wetting or
emulsifying agents, pH buffering agents, or adjuvants which
enhance the effectiveness of the vaccines.

Vaccines may be conventionally administered parenter-
ally, by injection, for example, either subcutaneously, intra-
dermally, subdermally or intramuscularly. Additional formu-
lations which are suitable for other modes of administration
include suppositories and, in some cases, oral, intranasal,
buccal, sublingual, intraperitoneal, intravaginal, anal and
intracranial formulations. For suppositories, traditional
binders and carriers may include, for example, polyalkalene
glycols or triglycerides; such suppositories may be formed
from mixtures containing the active ingredient in the range
of 0.5% to 10%, preferably 1-2%. In certain embodiments,
a low melting wax, such as a mixture of fatty acid glycerides
or cocoa butter is first melted and the VLPs described herein
are dispersed homogeneously, for example, by stirring. The
molten homogeneous mixture is then poured into conve-
niently sized molds, allowed to cool, and to solidify.

Formulations suitable for intranasal delivery include lig-
uids and dry powders. Formulations include such normally
employed excipients as, for example, pharmaceutical grades
of mannitol, lactose, sucrose, trehalose, and chitosan.
Mucosadhesive agents such as chitosan can be used in either
liquid or powder formulations to delay mucocilliary clear-
ance of intranasally-administered formulations. Sugars such
as mannitol and sucrose can be used as stability agents in
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liquid formulations and as stability and bulking agents in dry
powder formulations. In addition, adjuvants such as mono-
phosphoryl lipid A (MPL) and, by way of example but not
limitation, double stranded poly (I:C), poly inosinic acid,
CpG-containing oligonucleotides, imiquimod, cholera toxin
and its derivative, heat labile enterotoxin and its derivative
and many of the adjuvants listed throughout the specifica-
tion, can be used in both liquid and dry powder formulations
as an immunostimulatory adjuvant.

Formulations suitable for oral delivery include liquids,
solids, semi-solids, gels, tablets, capsules, lozenges, and the
like. Formulations suitable for oral delivery include tablets,
lozenges, capsules, gels, liquids, food products, beverages,
nutraceuticals, and the like. Formulations include such nor-
mally employed excipients as, for example, pharmaceutical
grades of mannitol, lactose, starch, magnesium stearate,
sodium saccharine, cellulose, magnesium carbonate, and the
like. Other VLP vaccine compositions may take the form of
solutions, suspensions, pills, sustained release formulations
or powders and contain 10-95% of active ingredient, pref-
erably 25-70%. For oral formulations, cholera toxin is an
interesting formulation partner (and also a possible conju-
gation partner).

The VLP vaccines when formulated for vaginal adminis-
tration may be in the form of pessaries, tampons, creams,
gels, pastes, foams or sprays. Any of the foregoing formu-
lations may contain agents in addition to VLPs, such as
carriers, known in the art to be appropriate.

In some embodiments, the VLP vaccine may be formu-
lated for systemic or localized delivery. Such formulations
are well known in the art. Parenteral vehicles include sodium
chloride solution, Ringer’s dextrose, dextrose and sodium
chloride, lactated Ringer’s or fixed oils. Intravenous vehicles
include fluid and nutrient replenishers, electrolyte replen-
ishers (such as those based on Ringer’s dextrose), and the
like. Systemic and localized routes of administration
include, e.g., intradermal, topical application, intravenous,
intramuscular, etc.

The VLPs may be formulated into the vaccine including
neutral or salt-based formulations. Pharmaceutically accept-
able salts include acid addition salts (formed with the free
amino groups of the peptide) and which are formed with
inorganic acids such as, for example, hydrochloric or phos-
phoric acids, or such organic acids as acetic, oxalic, tartaric,
mandelic, and the like. Salts formed with the free carboxyl
groups may also be derived from inorganic bases such as, for
example, sodium, potassium, ammonium, calcium, or ferric
hydroxides, and such organic bases as isopropylamine,
trimethylamine, 2-ethylamino ethanol, histidine, procaine,
and the like.

The vaccines may be administered in a manner compat-
ible with the dosage formulation, and in such amount as will
be therapeutically effective and immunogenic. The quantity
to be administered depends on the subject to be treated,
including, e.g., the capacity of the individual’s immune
system to mount an immune response, and the degree of
protection desired. Suitable dosage ranges are of the order of
several hundred micrograms active ingredient per vaccina-
tion with a preferred range from about 0.1 pg to 2000 pg
(even though higher amounts in the 1-10 mg range are
contemplated), such as in the range from about 0.5 pg to
1000 pg, preferably in the range from 1 pg to 500 pug and
especially in the range from about 10 pg to 100 pg. Suitable
regimens for initial administration and booster shots are also
variable but are typified by an initial administration followed
by subsequent inoculations or other administrations.
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The manner of application may be varied widely. Any of
the conventional methods for administration of a vaccine are
applicable. These include oral application on a solid physi-
ologically acceptable base or in a physiologically acceptable
dispersion, parenterally, by injection or the like. The dosage
of'the vaccine will depend on the route of administration and
will vary according to the age of the person to be vaccinated
and the formulation of the antigen.

Some of the vaccine formulations will be sufficiently
immunogenic as a vaccine by themselves, but for some of
the others the immune response will be enhanced if the
vaccine further comprises an adjuvant substance.

Delivery agents that improve mucoadhesion can also be
used to improve delivery and immunogenicity especially for
intranasal, oral or lung based delivery formulations. One
such compound, chitosan, the N-deacetylated form of chitin,
is used in many pharmaceutical formulations (32). It is an
attractive mucoadhesive agent for intranasal vaccine deliv-
ery due to its ability to delay mucociliary clearance and
allow more time for mucosal antigen uptake and processing
(33, 34). In addition, it can transiently open tight junctions
which may enhance transepithelial transport of antigen to
the NALT. In a recent human trial, a trivalent inactivated
influenza vaccine administered intranasally with chitosan
but without any additional adjuvant yielded seroconversion
and HI titers that were only marginally lower than those
obtained following intramuscular inoculation (33).

Chitosan can also be formulated with adjuvants that
function well intranasally such as the genetically detoxified
E. coli heat-labile enterotoxin mutant [LTK63. This adds an
immunostimulatory effect on top of the delivery and adhe-
sion benefits imparted by chitosan resulting in enhanced
mucosal and systemic responses (35).

Finally, it should be noted that chitosan formulations can
also be prepared in a dry powder format that has been shown
to improve vaccine stability and result in a further delay in
mucociliary clearance over liquid formulations (42). This
was seen in a recent human clinical trial involving an
intranasal dry powder diphtheria toxoid vaccine formulated
with chitosan in which the intranasal route was as effective
as the traditional intramuscular route with the added benefit
of secretory IgA responses (43). The vaccine was also very
well tolerated. Intranasal dry powdered vaccines for anthrax
containing chitosan and MPL induce stronger responses in
rabbits than intramuscular inoculation and are also protec-
tive against aerosol spore challenge (44).

Insofar as traditional influenza vaccines are parenterally
administered and largely induce (or boost) systemic IgG
responses protecting the lower respiratory tract, new vaccine
approaches that induce mucosal responses are more desir-
able as they can restrict virus growth in both the upper and
lower respiratory tracts and are likely the best vaccine
approach for individual protection and reduction of trans-
mission (15). Vaccine approaches that offer promise in this
direction include the use of attenuated, cold-adapted viruses
(8) as well as intranasal formulations of non-replicating
antigens such as virus-like particles, recombinant HA anti-
gens, and replication-defective viral vectors.

In addition to providing protection in both the upper and
lower respiratory tracts, intranasal vaccines avoid the com-
plications of needle inoculations and provide a means of
inducing both mucosal and systemic humoral and cellular
responses via interaction of particulate and/or soluble anti-
gens with nasopharyngeal-associated lymphoid tissues
(NALT) (16-19). The intranasal route has been historically
less effective than parenteral inoculation, but the use of
VLPs, novel delivery formulations, and adjuvants are begin-
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ning to change the paradigm. Indeed, influenza vaccines
containing functional hemagglutinin molecules may be
especially well suited for intranasal delivery due to the
abundance of sialic acid-containing receptors in the nasal
mucosa resulting in the potential for enhanced HA antigen
binding and reduced mucociliary clearance.

With respect to influenza, protective immune responses
including heterosubtypic protection have been reported fol-
lowing intranasal vaccine delivery in experiments where
parallel parenteral administrations were less immunogenic
and did not induce heterosubtypic protection (20-22). More-
over, inactivated influenza has been shown to be an effective
adjuvant for systemic and mucosal humoral and cellular
responses when admixed with a simian immunodeficiency
virus (SIV) VLP vaccine administered intranasally (23).
This adjuvant effect was attributed to the ability of inacti-
vated influenza virions to aggregate with the VLPs and lead
to enhanced binding to mucosal surfaces. A similar adjuvant
effect was also seen when influenza HA was directly incor-
porated into SIV VLPs which led to enhanced binding to and
activation of dendritic cells (DC) (24, 25).

Adjuvants

Various methods of achieving adjuvant effect for vaccines
are known and may be used in conjunction with the VLPs
disclosed herein. General principles and methods are
detailed in “The Theory and Practical Application of Adju-
vants”, 1995, Duncan E. S. Stewart-Tull (ed.), John Wiley
& Sons Ltd, ISBN 0-471-95170-6, and also in “Vaccines:
New Generation Immunological Adjuvants”, 1995, Grego-
riadis G et al. (eds.), Plenum Press, New York, ISBN
0-306-45283-9, both of which are hereby incorporated by
reference herein.

In some embodiments, a VLP vaccine comprises the VLP
in admixture with at least one adjuvant, at a weight-based
ratio of from about 10:1 to about 10'°:1 VLP:ajuvant, e.g.,
from about 10:1 to about 100:1, from about 100:1 to about
10°:1, from about 10°:1 to about 10*:1, from about 10*:1 to
about 10°:1, from about 10°:1 to about 10%1, from about
10%:1 to about 107:1, from about 107:1 to about 10%:1, from
about 10%:1 to about 10°:1, or from about 10°:1 to about
10*°:1 VLP:adjuvant. One of skill in the art can readily
determine the appropriate ratio through information regard-
ing the adjuvant and routine experimentation to determine
optimal ratios. One of skill in the art can readily determine
the appropriate ratio through information regarding the
adjuvant and routine experimentation to determine optimal
ratios. Admixtures of VLPs and adjuvants as disclosed
herein may include any form of combination available to
one of skill in the art including, without limitation, mixture
of separate VL.Ps and adjuvants in the same solution, cova-
lently linked VLPs and adjuvants, ionically linked VL.Ps and
adjuvants, hydrophobically linked VLPs and adjuvants (in-
cluding being embedded partially or fully in the VLP
membrane), hydrophilically linked VL.Ps and adjuvants, and
any combination of the foregoing.

Preferred examples of adjuvants are polypeptide adju-
vants that may be readily added to the VLPs described
herein by co-expression with the VLP polypeptides or fusion
with the VLP polypeptides to produce chimeric polypep-
tides. Bacterial flagellin, the major protein constituent of
flagella, is a preferred adjuvant which has received increas-
ing attention as an adjuvant protein because of its recogni-
tion by the innate immune system by the toll-like receptor
TLRS (65). Flagellin signaling through TL.RS has effects on
both innate and adaptive immune functions by inducing DC
maturation and migration as well as activation of macro-
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phages, neutrophils, and intestinal epithelial cells resulting
in production of proinflammatory mediators (66-72).

TLRS recognizes a conserved structure within flagellin
monomers that is unique to this protein and is required for
flagellar function, precluding its mutation in response to
immunological pressure (73). The receptor is sensitive to a
100 fM concentration but does not recognize intact fila-
ments. Flagellar disassembly into monomers is required for
binding and stimulation.

As an adjuvant, flagellin has potent activity for induction
of protective responses for heterologous antigens adminis-
tered either parenterally or intranasally (66, 74-77) and
adjuvant effects for DNA vaccines have also been reported
(78). A Th2 bias is observed when flagellin is employed
which would be appropriate for a respiratory virus such as
influenza but no evidence for IgE induction in mice or
monkeys has been observed. In addition, no local or sys-
temic inflammatory responses have been reported following
intranasal or systemic administration in monkeys (74). The
Th2 character of responses elicited following use of flagellin
is somewhat surprising since flagellin signals through TLRS
in a MyD88-dependent manner and all other MyD88-de-
pendent signals through TLRs have been shown to result in
a Thl bias (67, 79). Importantly, pre-existing antibodies to
flagellin have no appreciable effect on adjuvant efficacy (74)
making it attractive as a multi-use adjuvant.

A common theme in many recent intranasal vaccine trials
is the use of adjuvants and/or delivery systems to improve
vaccine efficacy. In one such study an influenza H3 vaccine
containing a genetically detoxified E. co/i heat-labile entero-
toxin adjuvant (LT R192G) resulted in heterosubtypic pro-
tection against HS5 challenge but only following intranasal
delivery. Protection was based on the induction of cross
neutralizing antibodies and demonstrated important impli-
cations for the intranasal route in development of new
influenza vaccines (22).

Cytokines, colony-stimulating factors (e.g., GM-CSF,
CSF, and the like); tumor necrosis factor; interleukin-2, -7,
-12, and other like growth factors, may also be used as
adjuvants and are also preferred as they may be readily
included in the VLP vaccine by admixing or fusion with the
VLP polypeptides.

In some embodiments, the VLP vaccine compositions
disclosed herein may include other adjuvants that act
through a Toll-like receptor such as a nucleic acid TLR9
ligand comprising a CpG oligonucleotide; an imidazoqui-
noline TLR7 ligand; a substituted guanine TLLR7/8 ligand;
other TLR7 ligands such as Loxoribine, 7-deazadeox-
yguanosine, 7-thia-8-oxodeoxyguanosine, double stranded
poly (I:C), poly-inosinic acid, Imiquimod (R-837), and
Resiquimod (R-848); or a TLR4 agonist such as MPL® or
synthetic derivatives.

Certain adjuvants facilitate uptake of the vaccine mol-
ecules by APCs, such as dendritic cells, and activate these.
Non-limiting examples are selected from the group consist-
ing of an immune targeting adjuvant; an immune modulating
adjuvant such as a toxin, a cytokine, and a mycobacterial
derivative; an oil formulation; a polymer; a micelle forming
adjuvant; a saponin; an immunostimulating complex matrix
(ISCOM matrix); a particle; DDA; aluminum adjuvants;
DNA adjuvants; MPL; and an encapsulating adjuvant.

Additional examples of adjuvants include agents such as
aluminum salts such as hydroxide or phosphate (alum),
commonly used as 0.05 to 0.1 percent solution in buffered
saline (see, e.g., Nicklas (1992) Res. Immunol. 143:489-
493), admixture with synthetic polymers of sugars (e.g.
Carbopol®) used as 0.25 percent solution, aggregation of
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the protein in the vaccine by heat treatment with tempera-
tures ranging between 70° to 101° C. for 30 second to 2
minute periods respectively and also aggregation by means
of cross-linking agents are possible. Aggregation by reacti-
vation with pepsin treated antibodies (Fab fragments) to
albumin, mixture with bacterial cells such as C. parvum or
endotoxins or lipopolysaccharide components of gram-
negative bacteria, emulsion in physiologically acceptable oil
vehicles such as mannide mono-oleate (Aracel A) or emul-
sion with 20 percent solution of a perfluorocarbon (Fluosol-
DA) used as a block substitute may also be employed.
Admixture with oils such as squalene and IFA is also
preferred.

DDA (dimethyldioctadecylammonium bromide) is an
interesting candidate for an adjuvant, but also Freund’s
complete and incomplete adjuvants as well as quillaja
saponins such as QuilA and QS21 are interesting. Further
possibilities include poly[di(earboxylatophenoxy)phospha-
zene (PCPP) derivatives of lipopolysaccharides such as
monophosphoryl lipid A (MPL®), muramyl dipeptide
(MDP) and threonyl muramyl dipeptide (tMDP). The
lipopolysaccharide based adjuvants are preferred for pro-
ducing a predominantly Thl-type response including, for
example, a combination of monophosphoryl lipid A, pref-
erably 3-de-O-acylated monophosphoryl lipid A, together
with an aluminum salt. MPL® adjuvants are available from
GlaxoSmithKline (see, for example, U.S. Pat. Nos. 4,436,
727, 4,877,611, 4,866,034 and 4,912,094, each of which is
incorporated by reference in their entirety with particular
reference to their lipopolysaccharides related teachings).

Liposome formulations are also known to confer adjuvant
effects, and therefore liposome adjuvants are preferred
examples in conjunction with the VLPs.

Immunostimulating complex matrix type (ISCOM®
matrix) adjuvants are preferred choices for use with the VLP
vaccines, especially since it has been shown that this type of
adjuvants are capable of up-regulating MHC Class II expres-
sion by APCs. An ISCOM matrix consists of (optionally
fractionated) saponins (triterpenoids) from Quillaja
saponaria, cholesterol, and phospholipid. When admixed
with the immunogenic protein such as in the VPLs, the
resulting particulate formulation is what is known as an
ISCOM particle where the saponin may constitute 60-70%
wiw, the cholesterol and phospholipid 10-15% w/w, and the
protein 10-15% w/w. Details relating to composition and use
of immunostimulating complexes can for example be found
in the above-mentioned text-books dealing with adjuvants,
but also Morein B et al., 1995, Clin. Immunother. 3: 461-475
as well as Barr I G and Mitchell G F, 1996, Immunol. and
Cell Biol. 74: 8-25 (both incorporated by reference herein)
provide useful instructions for the preparation of complete
immunostimulating complexes.

The saponins, whether or not in the form of ISCOMs, that
may be used in the adjuvant combinations with the VLP
vaccines disclosed herein include those derived from the
bark of Quillaja Saponaria Molina, termed Quil A, and
fractions thereof, described in U.S. Pat. No. 5,057,540
(which is incorporated by reference herein in its entirety
with particular reference to the fractions of Quil A and
methods of isolation and use thereof) and “Saponins as
vaccine adjuvants”, Kensil, C. R., Crit. Rev Ther Drug
Carrier Syst, 1996, 12 (1-2):1-55; and EP 0 362 279 B1.
Particularly preferred fractions of Quil A are QS21, QS7,
and QS17.

[-Escin is another preferred hemolytic saponins for use in
the adjuvant compositions of the VLP vaccines described
herein. Escin is described in the Merck index (12th ed: entry
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3737) as a mixture of saponins occurring in the seed of the
horse chestnut tree, Lat: desculus hippocastanum. Its isola-
tion is described by chromatography and purification (Fie-
dler, Arzneimittel-Forsch. 4, 213 (1953)), and by ion-ex-
change resins (Erbring et al., U.S. Pat. No. 3,238,190).
Fractions of escin have been purified and shown to be
biologically active (Yoshikawa M, et al. (Chem Pharm Bull
(Tokyo) 1996 August; 44 (8):1454-1464)). p-escin is also
known as aescin.

Another preferred hemolytic saponin for use with the
VLP vaccines is Digitonin. Digitonin is described in the
Merck index (12.sup.th Edition, entry 3204) as a saponin,
being derived from the seeds of Digitalis purpurea and
purified according to the procedure described Gisvold et al.,
J. Am. Pharm. Assoc., 1934, 23, 664; and Ruhenstroth-
Bauer, Physiol. Chem., 1955, 301, 621. Its use is described
as being a clinical reagent for cholesterol determination.

Another interesting (and thus, preferred) possibility of
achieving adjuvant effect is to employ the technique
described in Gosselin et al., 1992 (which is hereby incor-
porated by reference herein). In brief, the presentation of a
relevant antigen such as the VLP polypeptides or additional
antigens described herein can be enhanced by conjugating
the antigen to antibodies (or antigen binding antibody frag-
ments) against the F receptors on monocytes/macrophages.
Especially conjugates between antigen and anti-F_RI have
been demonstrated to enhance immunogenicity for the pur-
poses of vaccination. The antibody may be conjugated to the
VLP after generation or as a part of the generation including
by expressing as a fusion to any one of the VLP polypep-
tides.

Other possibilities involve the use of the targeting and
immune modulating substances (i.e. cytokines). In addition,
synthetic inducers of cytokines such as poly I:C may also be
used.

Suitable mycobacterial derivatives may be selected from
the group consisting of muramyl dipeptide, complete Fre-
und’s adjuvant, and a diester of trehalose such as TDM and
TDE.

Examples of suitable immune targeting adjuvants include
CD40 ligand and CD40 antibodies or specifically binding
fragments thereof (cf. the discussion above), mannose, a Fab
fragment, and CTLA-4.

Examples of suitable polymer adjuvants include a carbo-
hydrate such as dextran, PEG, starch, mannan, and mannose;
a plastic polymer; and latex such as latex beads.

Yet another interesting way of modulating an immune
response is to include the immunogen (optionally together
with adjuvants and pharmaceutically acceptable carriers and
vehicles) in a “virtual lymph node” (VLN) (a proprietary
medical device developed by ImmunoTherapy, Inc., 360
Lexington Avenue, New York, N.Y. 10017-6501). The VLN
(a thin tubular device) mimics the structure and function of
a lymph node. Insertion of a VLN under the skin creates a
site of sterile inflammation with an upsurge of cytokines and
chemokines. T- and B-cells as well as APCs rapidly respond
to the danger signals, home to the inflamed site and accu-
mulate inside the porous matrix of the VLN. It has been
shown that the necessary antigen dose required to mount an
immune response to an antigen is reduced when using the
VLN and that immune protection conferred by vaccination
using a VLN surpassed conventional immunization using
Ribi as an adjuvant. The technology is described briefly in
Gelber C et al., 1998, “Elicitation of Robust Cellular and
Humoral Immune Responses to Small Amounts of Immu-
nogens Using a Novel Medical Device Designated the
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Virtual Lymph Node”, in: “From the Laboratory to the
Clinic, Book of Abstracts, Oct. 12-15, 1998, Seascape
Resort, Aptos, Calif.”

Oligonucleotides may be used as adjuvants in conjunction
with the VLP vaccines and preferably contain two or more
dinucleotide CpG motifs separated by at least three or more
preferably at least six or more nucleotides. CpG-containing
oligonucleotides (in which the CpG dinucleotide is unmeth-
ylated) induce a predominantly Thl response. Such oligo-
nucleotides are well known and are described, for example,
in WO 96/02555, WO 99/33488 and U.S. Pat. Nos. 6,008,
200 and 5,856,462, each of which is hereby incorporated by
reference in their entirety with particular reference to meth-
ods of making and using CpG oligonucleotides as adjuvants.

Such oligonucleotide adjuvants may be deoxynucleotides.
In a preferred embodiment the nucleotide backbone in the
oligonucleotide is phosphorodithioate, or more preferably a
phosphorothioate bond, although phosphodiester and other
nucleotide backbones such as PNA may be used with the
VLP vaccines including oligonucleotides with mixed back-
bone linkages. Methods for producing phosphorothioate
oligonucleotides or phosphorodithioate are described in U.S.
Pat. Nos. 5,666,153, 5,278,302 and W095/26204, each of
which are hereby incorporated by reference in their entirety
with particular reference to the phosphorothioate and phos-
phorodithioate teachings.

Examples of preferred oligonucleotides have the follow-
ing sequences. The sequences preferably contain phospho-
rothioate modified nucleotide backbones.

(SEQ ID NO: 1) OLIGO 1:

TCC ATG ACG TTC CTG ACG TT (CpG 1826)

(SEQ ID NO: 2) OLIGO 2:

TCT CCC AGC GTG CGC CAT (CpG 1758)

(SEQ ID NO: 3) OLIGO 3:

ACC GAT GAC GTC GCC GGT GAC GGC ACC ACG
(SEQ ID NO: 4) OLIGO 4:

TCG TCG TTT TGT CGT TTT GTC GTT (CpG 2006)
(SEQ ID NO: 5) OLIGO 5:

TCC ATG ACG TTC CTG ATG CT (CpG 1668)

Alternative preferred CpG oligonucleotides include the
above sequences with inconsequential deletions or additions
thereto. The CpG oligonucleotides as adjuvants may be
synthesized by any method known in the art (e.g., EP
468520). Preferably, such oligonucleotides may be synthe-
sized utilizing an automated synthesizer. Such oligonucle-
otide adjuvants may be between 10-50 bases in length.
Another adjuvant system involves the combination of a
CpG-containing oligonucleotide and a saponin derivative
particularly the combination of CpG and QS21 is disclosed
in WO 00/09159.

Many single or multiphase emulsion systems have been
described. One of skill in the art may readily adapt such
emulsion systems for use with VLPs so that the emulsion
does not disrupt the VLP’s structure. Oil in water emulsion
adjuvants per se have been suggested to be useful as
adjuvant compositions (EPO 399 843B), also combinations
of oil in water emulsions and other active agents have been
described as adjuvants for vaccines (WO 95/17210; WO
98/56414; WO 99/12565; WO 99/11241). Other oil emul-
sion adjuvants have been described, such as water in oil
emulsions (U.S. Pat. No. 5,422,109; EP 0 480 982 B2) and
water in oil in water emulsions (U.S. Pat. No. 5,424,067; EP
0 480 981 B).
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The oil emulsion adjuvants for use with the VLP vaccines
described herein may be natural or synthetic, and may be
mineral or organic. Examples of mineral and organic oils
will be readily apparent to the man skilled in the art.

In order for any oil in water composition to be suitable for
human administration, the oil phase of the emulsion system
preferably comprises a metabolizable oil. The meaning of
the term metabolizable oil is well known in the art. Metabo-
lizable can be defined as “being capable of being trans-
formed by metabolism” (Dorland’s [llustrated Medical Dic-
tionary, W.B. Sanders Company, 25th edition (1974)). The
oil may be any vegetable oil, fish oil, animal oil or synthetic
oil, which is not toxic to the recipient and is capable of being
transformed by metabolism. Nuts (such as peanut oil), seeds,
and grains are common sources of vegetable oils. Synthetic
oils may also be used with the VLP vaccines and can include
commercially available oils such as NEOBEE® and others.
Squalene (2,6,10,15,19,23-Hexamethyl-2,6,10,14,18,22-tet-
racosahexaene) is an unsaturated oil which is found in large
quantities in shark-liver oil, and in lower quantities in olive
oil, wheat germ oil, rice bran oil, and yeast, and is a
particularly preferred oil for use with the VLP vaccines
disclosed herein. Squalene is a metabolizable oil virtue of
the fact that it is an intermediate in the biosynthesis of
cholesterol (Merck index, 10th Edition, entry no. 8619).

Particularly preferred oil emulsions are oil in water emul-
sions, and in particular squalene in water emulsions.

In addition, the most preferred oil emulsion adjuvants for
use in the VLP vaccines comprise an antioxidant, which is
preferably the oil a-tocopherol (vitamin E, EP 0 382 271
BI).

WO 95/17210 and WO 99/11241 disclose emulsion adju-
vants based on squalene, a-tocopherol, and TWEEN 80,
optionally formulated with the immunostimulants QS21
and/or 3D-MPL. WO 99/12565 discloses an improvement to
these squalene emulsions with the addition of a sterol into
the oil phase. Additionally, a triglyceride, such as tricaprylin
(C27HS5006), may be added to the oil phase in order to
stabilize the emulsion (WO 98/56414).

The size of the oil droplets found within the stable oil in
water emulsion are preferably less than 1 micron, may be in
the range of substantially 30-600 nm, preferably substan-
tially around 30-500 nm in diameter, and most preferably
substantially 150-500 nm in diameter, and in particular
about 150 nm in diameter as measured by photon correlation
spectroscopy. In this regard, 80% of the oil droplets by
number should be within the preferred ranges, more pref-
erably more than 90% and most preferably more than 95%
of the oil droplets by number are within the defined size
ranges. The amounts of the components present in the oil
emulsions are conventionally in the range of from 2 to 10%
oil, such as squalene; and when present, from 2 to 10% alpha
tocopherol; and from 0.3 to 3% surfactant, such as poly-
oxyethylene sorbitan monooleate. Preferably the ratio of
oil:alpha tocopherol is equal or less than 1 as this provides
a more stable emulsion. Span 85 may also be present at a
level of about 1%. In some cases it may be advantageous that
the VLP vaccines disclosed herein will further contain a
stabilizer.

The method of producing oil in water emulsions is well
known to the man skilled in the art. Commonly, the method
comprises the mixing the oil phase with a surfactant such as
a PBS/TWEENSO® solution, followed by homogenization
using a homogenizer, it would be clear to a man skilled in
the art that a method comprising passing the mixture twice
through a syringe needle would be suitable for homogeniz-
ing small volumes of liquid. Equally, the emulsification
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process in microfluidizer (M110S microfluidics machine,
maximum of 50 passes, for a period of 2 minutes at
maximum pressure input of 6 bar (output pressure of about
850 bar)) could be adapted by the man skilled in the art to
produce smaller or larger volumes of emulsion. This adap-
tation could be achieved by routine experimentation com-
prising the measurement of the resultant emulsion until a
preparation was achieved with oil droplets of the required
diameter.

The VLP vaccine preparations disclosed herein may be
used to protect or treat a mammal or bird susceptible to, or
suffering from viral influenza, by means of administering
said vaccine by intranasal, intramuscular, intraperitoneal,
intradermal, transdermal, intravenous, or subcutaneous
administration. Methods of systemic administration of the
vaccine preparations may include conventional syringes and
needles, or devices designed for ballistic delivery of solid
vaccines (WO 99/27961), or needleless pressure liquid jet
device (U.S. Pat. Nos. 4,596,556; 5,993,412), or transdermal
patches (WO 97/48440; WO 98/28037). The VLP vaccines
may also be applied to the skin (transdermal or transcuta-
neous delivery WO 98/20734; WO 98/28037). The VLP
vaccines disclosed herein therefore includes a delivery
device for systemic administration, pre-filled with the VLP
vaccine or adjuvant compositions. Accordingly there is
provided a method for inducing an immune response in an
individual preferably mammal or bird, comprising the
administration of a vaccine comprising any of the VLP
compositions described herein and optionally including an
adjuvant and/or a carrier, to the individual, wherein the
vaccine is administered via the parenteral or systemic route.

Preferably the VLP vaccine preparations disclosed herein
may be used to protect or treat a mammal or bird susceptible
to, or suffering from viral influenza, by means of adminis-
tering said vaccine via a mucosal route, such as the oral/
alimentary or nasal route. Alternative mucosal routes are
intravaginal and intra-rectal. The preferred mucosal route of
administration is via the nasal route, termed intranasal
vaccination. Methods of intranasal vaccination are well
known in the art, including the administration of a droplet,
spray, or dry powdered form of the vaccine into the nasoph-
arynx of the individual to be immunized. Nebulized or
aerosolized vaccine formulations are therefore preferred
forms of the VLP vaccines disclosed herein. Enteric formu-
lations such as gastro resistant capsules and granules for oral
administration, suppositories for rectal or vaginal adminis-
tration are also formulations of the VLP vaccines disclosed
herein.

The preferred VLP vaccine compositions disclosed
herein, represent a class of mucosal vaccines suitable for
application in humans to replace systemic vaccination by
mucosal vaccination.

The VLP vaccines may also be administered via the oral
route. In such cases the pharmaceutically acceptable excipi-
ent may also include alkaline buffers, or enteric capsules or
microgranules. The VLP vaccines may also be administered
by the vaginal route. In such cases, the pharmaceutically
acceptable excipients may also include emulsifiers, poly-
mers such as CARBOPOL®, and other known stabilizers of
vaginal creams and suppositories. The VLP vaccines may
also be administered by the rectal route. In such cases the
excipients may also include waxes and polymers known in
the art for forming rectal suppositories.

Alternatively the VLP vaccines formulations may be
combined with vaccines vehicles composed of chitosan (as
described above) or other polycationic polymers, polylactide
and polylactide-coglycolide particles, poly-N-acetyl glu-
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cosamine-based polymer matrix, particles composed of
polysaccharides or chemically modified polysaccharides,
liposomes and lipid-based particles, particles composed of
glycerol monoesters, etc. The saponins may also be formu-
lated in the presence of cholesterol to form particulate
structures such as liposomes or ISCOMs. Furthermore, the
saponins may be formulated together with a polyoxyethyl-
ene ether or ester, in either a non-particulate solution or
suspension, or in a particulate structure such as a paucil-
amelar liposome or ISCOM.

Additional illustrative adjuvants for use in the pharma-
ceutical and vaccine compositions using VLPs as described
herein include SAF (Chiron, Calif., United States), MF-59
(Chiron, see, e.g., Granoff et al. (1997) Infect Immun. 65
(5):1710-1715), the SBAS series of adjuvants (e.g., SB-AS2
(SmithKline Beecham adjuvant system #2; an oil-in-water
emulsion containing MPL and QS21); SBAS-4 (SmithKline
Beecham adjuvant system #4; contains alum and MPL),
available from SmithKline Beecham, Rixensart, Belgium),
Detox (Enhanzyn®) (GlaxoSmithKline), RC-512, RC-522,
RC-527, RC-529, RC-544, and RC-560 (GlaxoSmithKline)
and other aminoalkyl glucosaminide 4-phosphates (AGPs),
such as those described in pending U.S. patent application
Ser. Nos. 08/853,826 and 09/074,720, the disclosures of
which are incorporated herein by reference in their entire-
ties.

Other examples of adjuvants include, but are not limited
to, Hunter’s TiterMax® adjuvants (CytRx Corp., Norcross,
Ga.); Gerbu adjuvants (Gerbu Biotechnik GmbH, Gaiberg,
Germany); nitrocellulose (Nilsson and Larsson (1992) Res.
Immunol. 143:553-557); alum (e.g., aluminum hydroxide,
aluminum phosphate) emulsion based formulations includ-
ing mineral oil, non-mineral oil, water-in-oil or oil-in-water
emulsions, such as the Seppic ISA series of Montamide
adjuvants (e.g., ISA-51, ISA-57, ISA-720, ISA-151, etc;
Seppic, Paris, France); and PROVAX® (IDEC Pharmaceu-
ticals); OM-174 (a glucosamine disaccharide related to lipid
A); Leishmania elongation factor; non-ionic block copoly-
mers that form micelles such as CRL 1005; and Syntex
Adjuvant Formulation. See, e.g., O’Hagan et al. (2001)
Biomol Eng. 18 (3):69-85; and “Vaccine Adjuvants: Prepa-
ration Methods and Research Protocols” D. O’Hagan, ed.
(2000) Humana Press.

Other preferred adjuvants include adjuvant molecules of
the general formula

HO(CH,CH,0),—A—R, O
wherein, n is 1-50, A is a bond or —C(O)—, R is C, 5, alkyl
or Phenyl C, 5, alkyl.

One embodiment of the VLP vaccine formulations
described herein include a polyoxyethylene ether of general
formula (I), wherein n is between 1 and 50, preferably 4-24,
most preferably 9; the R component is C, 5, preferably
C,-C,, alkyl and most preferably C, _, alkyl, and A is a bond.
The concentration of the polyoxyethylene ethers should be
in the range 0.1-20%, preferably from 0.1-10%, and most
preferably in the range 0.1-1%. Preferred polyoxyethylene
ethers are selected from the following group: polyoxyeth-
ylene-9-lauryl ether, polyoxyethylene-9-steoryl ether, poly-
oxyethylene-8-steoryl ether, polyoxyethylene-4-lauryl ether,
polyoxyethylene-35-lauryl ether, and polyoxyethylene-23-
lauryl ether. Polyoxyethylene ethers such as polyoxyethyl-
ene lauryl ether are described in the Merck index (12th
edition: entry 7717). These adjuvant molecules are
described in WO 99/52549.
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The polyoxyethylene ether according to the general for-
mula (I) above may, if desired, be combined with another
adjuvant. For example, a preferred adjuvant combination is
preferably with CpG as described above.

Further examples of suitable pharmaceutically acceptable
excipients for use with the VLP vaccines disclosed herein
include water, phosphate buffered saline, isotonic buffer
solutions.

Additional Influenza Antigens

The VLPs disclosed herein may include additional anti-
gens from influenza to increase the immunogenicity with
respect to particular strains of influenza and/or across mul-
tiple strains of influenza.

A preferred additional influenza antigen is the M2 poly-
peptide (also called BM2 in influenza B). The M2 polypep-
tide of influenza virus is a small 97 amino acid class III
integral membrane protein encoded by RNA segment 7
(matrix segment) following a splicing event (80, 81). Very
little M2 exists on virus particles but it can be found more
abundantly on infected cells. M2 serves as a proton-selective
ion channel that is necessary for viral entry (82, 83). It is
minimally immunogenic during infection or conventional
vaccination, explaining its conservation, but when presented
in an alternative format it is more immunogenic and pro-
tective (84-86). This is consistent with observations that
passive transfer of an M2 monoclonal antibody in vivo
accelerates viral clearance and results in protection (87).
When the M2 external domain epitope is linked to HBV core
particles as a fusion protein it is protective in mice via both
parenteral and intranasal inoculation and is most immuno-
genic when three tandem copies are fused to the N-terminus
of the core protein (88-90). This is consistent with other
carrier-hapten data showing that increased epitope density
increases immunogenicity (91).

For intranasal delivery of an M2 vaccine an adjuvant is
required to achieve good protection and good results have
been achieved with LTR192G (88, 90) and CTA1-DD (89).
The peptide can also be chemically conjugated to a carrier
such as KILH, or the outer membrane protein complex of N.
meningitides, or human papilloma virus VLPs and is pro-
tective as a vaccine in mice and other animals (92, 93).

Insofar as the M2 protein is highly conserved it is not
completely without sequence divergence. The M2 ectodo-
main epitopes of common strains A/PR/8/34 (HIN1) and
A/Aichi/68 (H3N2) were shown to be immunologically
cross reactive with all other modern sequenced human
strains except for A/Hong Kong/156/97 (H5N1) (92).
Examination of influenza database sequences also shows
similar divergence in the M2 sequence of other more recent
pathogenic HSN1 human isolates such as A/Vietnam/1203/
04. This finding demonstrates that a successful HS5-specific
pandemic vaccine incorporating M2 epitopes will need to
reflect the M2 sequences that are unique to the pathogenic
avian strains rather than M2 sequences currently circulating
in human H1 and H3 isolates.

Additional proteins from influenza virus (other than HA,
NA and M2) may be included in the VLP vaccine either by
co-expression or via linkage of all or part of the additional
antigen to the gag or HA polypeptides. These additional
antigens include PB2, PB1, PA, nucleoprotein, matrix (M1),
BM2, NS, NS1, and NS2. For Influenza A, the preferred
examples include: PB2, PB1, PA, nucleoprotein, Matrix
(M1), M2, NS1, and NS2. For Influenza B, the preferred
examples include: HA, NA, NP, M, PB1, PB2, PA, NS and
BM2. These latter antigens are not generally targets of
neutralizing antibody responses but may contain important
epitopes recognized by T cells. T cell responses induced by
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a VLP vaccine to such epitopes may prove beneficial in
boosting protective immunity.
PREFERRED METHODS

EXAMPLE 1
Production of a Chimeric Influenza VLP

The MLV gag coding sequence was obtained by PCR
from plasmid pAMS (ATCC) containing the entire Moloney
murine leukemia virus amphotropic proviral sequence. The
gag coding sequence was inserted into pFastBacl (Invitro-
gen) behind the polyhedron promoter and the resulting
plasmid was transformed into DH10Bac competent cells for
recombination into the baculovirus genome. High molecular
weight bacmid DNA was then purified and transfected into
S19 cells for generation of a gag-expressing recombinant
baculovirus. Two other recombinant baculoviruses encoding
the hemagglutinin and neuraminidase, respectively, of
A/PR/8/34 (HIN1) were produced in a similar fashion after
RT-PCR cloning of the HA and NA coding sequences from
virus RNA. Finally, a single baculovirus vector encoding all
three products (HA-gag-NA) was produced by combining
the HA, gag, and NA expression units (polyhedron pro-
moter—coding sequence—polyA site) from individual
pFastBacl plasmids into a single pFastBacl vector. For
initial analysis, recombinant baculoviruses encoding gag or
HA or gag-HA-NA were infected into St9 cells in 6 well
plates at an MOI of >1. Three days following infection,
medium supernatants were clarified of debris then pelleted at
100,000xg through a 20% sucrose cushion. Pellets were
analyzed by Western blot analysis using gag and HINI-
specific antisera (See FIGS. 1A and B).

The left three lanes on each blot in FIGS. 1A and B,
respectively, show the results of infecting Sf9 cells with
separate gag or HA or control (EV=empty vector) baculo-
viruses prior to harvesting the medium. As expected, infec-
tion with a gag-only baculovirus results in significant
amounts of gag antigen in the high molecular weight
medium fraction due to VLP budding (FIG. 1A, lane “Gag”).
In contrast, infection with an HA only baculovirus, results in
little HA released into the medium on its own (FIG. 1B, lane
“HA”). However, infection of Sf9 cells with a HA-gag-NA
triple vector results in significant amounts of both gag and
HA appearing in the 100,000xg fraction (lanes 1-9, FIGS.
1A and B) showing that gag expression can pull HA out of
the cell.

The FIGS. 2A and B show the results of recentrifugation
of pelleted HA-gag-NA VLPs on a 20-60% sucrose step
gradient followed by Western blot analysis of individual
gradient fractions. Both gag and HA peak in the same
fraction demonstrating coincident banding at a density of
approximately 1.16 g/ml which indicates that the gag and
HA were in VLPs.

EXAMPLE 2
Intranasal Delivery of Chimeric Influenza VLPs

The HA-gag-NA VLPs were prepared from the medium
of S19 cells infected with a triple expression baculovirus
vector encoding MLV gag and the HA and NA products of
influenza virus A/PR/8/34. Medium was harvested when cell
viability dropped below 10% and was clarified of cell debris
by centrifugation at 2000 rpm for 15 minutes. Forty ml of
clarified medium (5 ml per MLA-80 ultracentrifuge tube)
was layered over 1 ml 20% sucrose cushions in tris-buffered
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saline (TBS), pH 7.4, then centrifuged at 45,000 rpm for 2
hours at 10° C. in a MLLA-80 rotor. The pelleted material was
resuspended in TBS and layered over 20-60% sucrose step
gradients and centrifuged at 36,000 rpm for 2 hours at 10°
C. in a MLA-80 rotor. Gradients were fractionated into 0.5
ml fractions and assayed for the presence of p65 gag on
SDS-PAGE gels. Pooled fractions containing VLPs (ap-
proximately 3 ml from two gradients) were concentrated and
buffer exchanged into TBS using a centrifuge microconcen-
trator. VLP yields were estimated by analysis of a small
aliquot by SDS-PAGE.

Two groups of female Balb/c mice (5 per immunization
group) were vaccinated with approximately 5-10 pug of VLP
(based on quantitation of gag) via the intranasal and intra-
peritoneal routes, respectively. Each animal received two
such immunizations spaced 1 month apart. Intranasal immu-
nizations were made of 5 pul VLP suspension, 4.5 ul 10%
chitosan in water and 0.5 pl of 10 mg/ml monophosphoryl
lipid A (MPL) in 90% ethanol. The 10 pl immunization
doses were evenly divided between the two nares. Intrap-
eritoneal immunizations consisted of 5 pl VLP suspension,
2 ul 10/mg/ml MPL in 90% ethanol and 93 pl saline (total
100 pl per dose). Sera samples were collected from each
mouse two weeks following each immunization and were
assayed for hemagglutination inhibition (HAI) activity using
a standard assay widely employed in the field of influenza
vaccine research. Sera samples from 5 naive control mice
were also processed in parallel to serve as a negative control.
The FIG. 3 shows the results of the HAI assay in which
100% of the animals in both the i.n. and i.p. immunization
groups responded with protective level HAI titers (1:40,
indicated by dotted line on graph) or higher following the
primary immunization. Immune responses markedly
increased further following receipt of the booster immuni-
zation. Control animals exhibited no HAI activity (titer<1:
10).

This example demonstrates the efficacy of intranasal
delivery of the VLPs vaccines disclosed herein.

EXAMPLE 3

Production, Characterization and Immunogenicity
Testing of HA-gag-NA VLPs

As described in the Example 1, individual baculoviruses
expressing MLV gag and the HA and NA products of
A/PR/8/34 have been produced. In addition a triple expres-
sion recombinant baculovirus encoding all three products
has also been constructed and sucrose density gradient
centrifugation of pelleted medium supernatants from
infected insect cells showed coincident banding of gag and
HA as detected by Western blotting indicating that VLPs
with HA had formed. The arrangement of coding sequences
in the triple expression vector is shown in FIG. 4 in which
the HA, gag, and NA coding elements are arranged in a
head-to-tail fashion, each with its own promoter (Pr) and
polyadenylation sequence (pA). Combining all coding
sequences into a single baculovirus avoids the need to
perform co-infections with separate viruses and the associ-
ated difficulties of achieving consistent multiplicities of
infection of three separate viruses.

Prior studies examining the possibility of VLP formation
using only gag and HA were less successful. Baculovirus
expression of HA in S9 cells in the absence of NA resulted
in marked cell to cell clumping and a significant number of
fusion events. This was not observed when NA is co-
expressed with HA. Even though Sf9 insect cells lack
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significant amounts of sialic acid (103), surprisingly, NA
co-expression enhanced VLP release from baculovirus-in-
fected S19 cells.

Hemagglutination Assay:

Sucrose density gradient fractions of banded VL.Ps will be
screened for hemagglutination activity using a standard
assay employing chicken or guinea pig RBCs to demonstrate
that the HA antigenic activity that bands coincidentally with
MLV gag is functional HA. Influenza virus A/PR/8/34
grown in embryonated eggs will also be banded on sucrose
gradients and subjected to hemagglutination assays as a
positive control.

Size Exclusion Chromatography:

Sucrose density gradient purified VLPs will be subjected
to size exclusion chromatography using Sepharose CL-4B
and fractions will be monitored for MLV gag and HA by
Western blot. VLPs will elute in the void volume and will
contain MLV gag, HA and NA. A/PR/8/34 virus will be
chromatographed as a control.

Electron Microscopy:

VLP samples from sucrose gradients will be treated with
2% glutaraldehyde, adsorbed onto EM grids, negatively
stained with sodium phosphotungstate and examined by
electron microscopy.

Immunogenicity:

VLP immunogenicity will be evaluated in female Balb/c
mice using intranasal chitosan/MPL formulations similar to
the anthrax protective antigen (PA) formulation described in
reference (44) and in Example 2 above. VLPs will be
purified by pelleting VLP-containing culture medium
through 20% sucrose cushions at 100,000xg for 1 hour after
which they will be resuspended in Tris-buffered saline and
banded on 20-60% sucrose density gradients. VLP-contain-
ing fractions will be identified by Western blot or hemag-
glutination assay and pooled. VLPs samples will be dialyzed
into PBS and concentrated using centrifuge microconcen-
trators or by centrifugation at 100,000xg.

For immunization, liquid formulations (15 ul) containing
40 pg chitosan, 20 pg VLP (based on gag), and 5 pg MPL
will be divided between the two nostrils for a single immu-
nization. Animals will be lightly anesthetized with isoflurane
prior to intranasal dosing at 0 and 4 weeks. VLPs will also
be formulated in PBS with MPL or cholera toxin for
intraperitoneal inoculation as a positive control. Additional
positive control animals will receive intramuscular inocula-
tions with chemically inactivated MDCK cell-grown A/PR/
8/34 virus. Systemic IgG responses will be monitored by
hemagglutination inhibition (HAI) assay and ELISA. For
ELISA, the antigen source will be A/PR/8/34 virus grown in
eggs to avoid detection of immune responses to serum
products that may be contaminating the VLPs produced in
insect cells. For animals that will not be kept alive for viral
challenge, broncoaveolar lavage samples will be collected
10-14 days following the final immunization for measure-
ment of influenza-specific IgA responses by ELISA.

Typical immunization experiments in this Example 2 and
the Examples below will employ a minimum of eight mice
per group this will provide a reasonable probability of
achieving statistical significance as shown using Student’s
unpaired t-test. Immunizations will typically entail primary
and booster inoculations spaced four weeks apart with blood
sampling occurring 10-14 days following each immuniza-
tion. As stated above, broncoaveolar lavage samples will be
collected from sacrificed animals for IgA determination.

A challenge will also be performed in which mice immu-
nized as above will be intranasally challenged with approxi-
mately 10 LD, of mouse adapted A/PR/8/34 virus in order
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to confirm the protective nature of induced responses. Half
of'the animals in each group (8) will be monitored for weight
loss and sacrificed when 25% weight loss is observed. The
remaining 8 animals in each group will be sacrificed on day
four post challenge and nasal and lung tissues will be
collected and snap frozen. Tissues will later be thawed,
homogenized in cold PBS, clarified and titered for virus by
plaque assay in MDCK cells. Table 1 shows a summary of
the animal studies for this Example 2.

TABLE 1

Example 3: Animal studies

Study # of mice
1 A/PR/8/34 virus titration in mice 48
2 Initial VLP Immunogenicity

Group 1: Neg. control 8
Group 2: VLP i.n. chitosan/MPL 8
Group 3: VLP parenteral - pos. control 8
Group 4: Intact flu - pos. control 8
3 Initial VLP Challenge Trial
Group 1: Neg. control 16
Group 2: VLP i.n. chitosan/MPL 16
Group 3: VLP parenteral - pos. control 16
Group 4: Intact flu - pos. control 16

EXAMPLE 4

Production and Immunogenicity Testing of
Enhanced VLPs

This Example 4 will demonstrate the enhancements of the
VLPs for improved immunogenicity and protection by
incorporation of the TLRS agonist flagellin to boost the
strength of adaptive immune responses and by incorporation
of'the M2 ectodomain epitope to improve protection against
drifted variants and heterosubtypes.

Adjuvant Effects Due to Flagellin Incorporation:

The flagellin coding sequence was recently cloned from S.
typimurium genomic DNA and inserted at the 3' end of the
gag coding sequence just 5' to the termination codon. The
flagellin coding sequence will also be inserted at the N-ter-
minus of the A/PR/8/34 HA coding sequence using a Pstl
site located at the boundary between the signal peptide and
mature coding sequences. Insertions at this location in HA
lead to proper expression of chimeric HA molecules with
expected molecular weight increases as demonstrated by
SDS PAGE. Flagellin-modified gag and HA coding
sequences will be used to generate triple baculovirus recom-
binants (HA-gag-NA) as described in Example 1. Recom-
binant baculoviruses encoding VL. Ps with flagellin-modified
gag or flagellin-modified HA will be produced and used to
generate VLPs for immunogenicity testing versus basic
VLPs lacking flagellin sequences. As stated in Example 3,
all immunization experiments will employ primary and
booster inoculations spaced four weeks apart. Immunologi-
cal readouts will be via HAI and ELISA assays as described
above, examining both systemic IgG and mucosal IgA
responses.

Because the HA and gag insertion sites for flagellin
incorporation are outside and inside the VLP, respectively,
different degrees of adjuvant effects will be observed.
Flagellin insertion at the N-terminus of HA will result in
easy access of flagellin to TLRS receptors on cells in the
epithelial mucosa. In contrast, the gag site of insertion will
result in different access. VLP binding to cells and internal-
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ization via the normal influenza virus entry pathway will
result in the deposition of the gag-flagellin product within
the cell. This will result in differential TLRS5-mediated
adjuvant effects between the gag-flagellin and the HA-
flagellin constructs. Since the ability of VLPs to bind to and
enter mucosal epithelial cells may in itself have an effect on
immunogenicity, we will perform VLP immunogenicity
studies of flagellin-modified and normal VLPs with and
without TPCK-trypsin treatment. HA cleavage of trypsin-
treated VLPs will be confirmed by Western blot prior to the
initiation of immunogenicity studies examining the impor-
tance of VLP entry. In addition, the ability of trypsin-treated
VLPs to fuse with and enter cells will be examined by in
vitro fluorescence microscopy studies employing VLPs con-
taining a green fluorescent protein (GFP)-modified gag
product. It has already been shown that MLV gag can be
modified at its C-terminus with GFP without abrogation of
its budding activity (60).

The use of subfragments of the flagellin coding sequence
to maximize gag budding activity by eliminating much of
the non-TLRS binding regions of flagellin will also be
tested. Recent mapping of the TLRS recognition sites within
the flagellin monomer will facilitate this effort (73).

Enhanced Protection Via M2 Epitope Insertion:

The M2 ectodomain epitope coding sequence has been
generated by PCR and a single copy of this sequence was
inserted into the Pstl site bordering the signal peptide and
mature coding sequences of PR/8/34 HA. Western blot
analysis of the expression of this chimera in insect cells
showed a chimeric HA-M2 product of the expected size that
reacted with both HA-specific and M2-specific antibodies
(not shown). Constructs containing 2 and 3 tandem copies of
the M2 element in this same location are in progress. Triple
expression baculovirus recombinants encoding HA(M2)-
gag-NA VLPs (with 1, 2 or 3 M2 copies) will be produced
for immunogenicity and challenge protection comparisons
versus basic VLPs. Mice will be immunized with intranasal
chitosan/MPL formulations as described above and immune
responses will be monitored via HAI and ELISA assays.
ELISA assays will employ either whole virus or the M2
ectodomain peptide to separately monitor responses to
HA/NA and M2. In addition, immunized animals will be
challenged with either A/PR/8/34 (HIN1) or A/KH/68
(H3N2) to monitor homotypic and heterosubtypic protec-
tion, respectively. Weight loss/survival and virus titrations in
MDCK cells post challenge will be performed as described
above. Table 2 below shows a summary of the animal studies
proposed for Specific Aim 2.

As stated above, a recombinant HA molecule containing
a single copy of the M2 ectodomain sequence at the N-ter-
minus has been successfully expressed. Normal HA expres-
sion in Sf9 cells in the absence of NA results in significant
cell clumping and fusion. Similarly, expression of the
M2-modified HA construct resulted in an identical pattern of
cell clumping and fusion indicating that the HA co-ex-
pressed with M2 was functional. In addition, a recombinant
HA containing a 500 by coding sequence insertion at the
N-terminus has also been successfully expressed, so
expressing other constructs that may be much larger will
encounter few problems, if any, including, without limita-
tion, future flagellin coding sequence insertion and multiple
M2 insertions at this location.
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Example 4: Animal studies

Study # of mice
1 Flagellin-enhanced VLP Immunogenicity test
Group 1: Neg. control 8
Group 2: VLP w/gag-flagellin 8
Group 3: VLP w/HA-flagellin 8
Group 4: Basic VLP 8
Group 5: VLP w/gag-flagellin + trypsin 8
treatment
Group 6: VLP w/HA-flagellin + trypsin 8
treatment
Group 7: Basic VLP + trypsin treatment 8
2 Initial VLP Challenge Trial
Group 1: Neg. control 16
Group 2: Basic VLP 16
Group 3: VLP w/one copy of M2 16
Group 4: VLP w/two copies of M2 16
Group 5: VLP wi/three copies of M2 16

EXAMPLE 5

Immunogenicity of H5-Containing VL.Ps and
Measurement of Protective Efficacy

The HA and NA genes of A/Vietnam/1203/04 (H5N1) and
A/Indonesia/5/05 (HSN1) have been obtained for production
of H5N1 VLPs and subsequent HSN1 immunogenicity
studies. Triple baculovirus expression vectors encoding HA-
gag-NA from both H5N1 strains have been produced and
characterized as described in Example 3. Vietnam and
Indonesia H5SN1 VLPs encoded by the two triple baculovi-
rus expression vectors were purified by banding on 20-60%
sucrose density gradients and fractions containing VLPs
were identified by SDS-PAGE, Western blot, and hemag-
glutination assays. All three assays identified the same peak
fractions as containing the bulk of the H5SN1 VLPs. For
immunization of mice, peak fractions were pooled, diluted
three-fold with Tris-buffered saline and VLPs were concen-
trated by sedimentation at 100,000xg and resuspended in
PBS.

To examine H5N1 VLP immunogenicity, two groups of
15 and 16 mice were immunized by intramuscular inocula-
tion with A/Vietnam 1203/04 VLPs and A/Indonesia/5/05
VLPs, respectively. Inoculations contained VLPs (approxi-
mately 10 pg in PBS) supplemented with 10 ng MPL.
Animals received two such immunization spaced four weeks
apart and serum samples were collected 14 days following
the second immunization. FIG. 8 shows the specificity of
sera from immunized mice for a commercially-obtained
recombinant H5 Vietnam HA molecule used in an ELISA
assay. Strong H5-specific reactivity was observed in animals
immunized with either HSN1 VLP preparation but no HS
reactivity was observed in naive control mice.

All H5N1-immunized mice and 16 naive control mice
were challenged with 10 LD50 of A/PR/8/34 (H1N1) virus
to determine if the HS-specific responses could induce
protection against a heterosubtypic HIN1 challenge. FIG. 9
shows the weight loss data post-challenge in this study in
which there were 0/16 survivors in the naive group, 11/16
survivors in Indonesia HS5N1 immunization group, and
13/15 survivors in the Vietnam H5N1 immunization group.
On day 5 post-challenge H5-immunized mice began to show
decreased weight loss relative to naive mice and began
recovering lost weight on day 9. Naive mice all continued to
lose weight until all animals had died. These data demon-
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strate that chimeric HSN1 VLPs can induce a partial het-
erosubtypic protection (77% survivors) against an HIN1
challenge showing the breadth of protection that can be
obtained using this influenza vaccine technology platform.

EXAMPLE 6

Evaluation of Dry Powder Intranasal Formulations
in Rabbits for Both H1 and HS Enhanced VLP
Vaccines

Dry powder formulations of intranasal vaccines have
shown enhanced efficacy versus liquid formulations (42-44).
Rabbits will be utilized for dry powder formulation and
immunization studies because mice are too small for intra-
nasal dry powder delivery and good efficacy of intranasal
dry powder vaccines has been demonstrated in the rabbit
model.

An important consideration is the extent to which influ-
enza VLPs produced in this program can be lyophilized and
formulated as a dry powder without jeopardizing VLP
structure and immunogenicity. The process for dry powder
vaccine formulation involves lyophilization of vaccine and
MPL in the presence of an excess of mannitol to serve as a
bulking agent, after which chitosan is added via mixing with
a glass mortar and pestle (44). The final mixture is passed
through a 250 micron sieve prior to loading into Valois
Monopowder intranasal delivery devices. While mannitol
has been employed as a preferable bulking agent, it has also
been shown to contribute to the stability of phospholipid:
cholesterol liposomes during lyophilization (104). The addi-
tion of polyvinylpyrrolidone (PVP) can further enhance
liposome integrity and minimize loss of contents during
lyophilization (104). Since the HA-gag-NA VLPs described
here are composed of a phosholipid:cholesterol membranes
via budding through lipid raft domains, it is likely that their
integrity during lyophilization will also be enhanced by the
presence of mannitol and PVP.

Further evidence for the ability to successfully lyophilize
enveloped VLPs comes from data showing that live influ-
enza virus and other enveloped viruses can be lyophilized
and stored with minimal loss of infectivity (105-107). The
most recent data demonstrate successful lyophilization and
storage of cold-adapted live attenuated influenza virus
strains in the presence of phosphate buffered saline, SPG
(sucrose, mono and dibasic potassium phosphate, and potas-
sium glutamate) and Casitone (casein hydrolysate). Casein
hydrolysate could also serve as an acceptable bulking agent
for intranasal powder delivery since it is hypoallergenic
compared to intact casein and can be safely fed to children
with cow milk allergy (108).

Before immunization of animals, various lyophilization
formulations will be tested to optimize structural and anti-
genic integrity of VLPs for dry powder formulations. For-
mulations containing mannitol, mannitol+PVP, and SPG+
Casitone with variations in the concentrations of stabilizers
will be tested. Analysis of VLP integrity following
lyophilization will involve rehydration of VLPs followed by
sucrose density gradient banding. Gradient fractions will be
analyzed by Western blot for the presence of HA and gag and
integrity of the HA will be monitored by HA assay. The
formulation providing the most consistent VLP integrity
compared to nonlyophilized controls will be employed for
subsequent dry powder vaccine formulation.

The efficacy of liquid and dry powder intranasal formu-
lations of enhanced H1 VLPs containing chitosan and MPL
in rabbits will be compared. Two groups of six rabbits each
will be immunized with enhanced H1 VLPs using liquid and
dry powder formulations, respectively. Two additional
groups of six rabbits will serve as positive (i.m. VLP+MPL)
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and negative (intranasal chitosan only) controls. Serum
samples collected following primary and booster immuni-
zations will be examined for influenza reactivity via ELISA
and HA assay. If responses appear insufficient, a second
booster immunization will be administered. Evidence for
protection against homotypic H1 or heterosubtypic (H3N2)
challenge will be obtained by passive transfer of immune
rabbit sera to mice (1 ml intraperitoneal injection of pooled
group rabbit sera per mouse) one hour prior to challenge.
Each mouse challenge group will contain sixteen animals,
eight of which will be monitored for weight loss and eight
will be sacrificed on day 4 for virus titrations in lungs. A
summary table for Example 6 animal studies is below (Table
4).

If data from the H1 rabbit immunization trial show
evidence of intranasal dry powder vaccine efficacy, a con-
firmatory intranasal dry powder experiment will be per-
formed with enhanced H5 VLP vaccines in rabbits as well.
To this end, two groups of six rabbits each will be immu-
nized via intranasal dry powder delivery with enhanced
H5/Vietnam VLPs and H5/Indonesia VLPs, respectively. All
animals will receive primary and booster immunizations on
days 0 and 28. A negative control group will receive a
chitosan only vaccine. Rabbit sera collected fourteen days
following the second immunization will be analyzed for
neutralization activity for A/Vietnam/1203/04. If necessary,
a second booster immunization will be administered. Rab-
bits will be bled out and pooled group sera will be used for
passive immunization of mice and challenge with A/Viet-
nam/1203/04 using 16 mice per group (eight mice monitored
for weight loss/survival and eight mice sacrificed on day 4
for virus titrations in MDCK cells). Data from this experi-
ment will determine whether or not intranasal dry powder
immunizations using enhanced H5 VLP vaccines will induce
homotypic and drift variant protection.

TABLE 4
Example 6: Animal studies
Study
la H1 VLP - Rabbit Immunization # of rabbits
Group 1: H1 enhanced VLP - intranasal liquid 6
Group 2: H1 enhanced VLP - intranasal dry 6
Group 3: H1 enhanced VLP - parenteral 6
control
Group 4: Neg. control 6
1b Passive transfer of rabbit sera to mice for challenge # of mice
Group 1: H1 enhanced VLP - intranasal liquid 32
Group 2: H1 enhanced VLP - intranasal dry 32
Group 3: H1 enhanced VLP - parenteral 32
control
Group 4: Neg. control 32
16
2a HS5 VLP - Rabbit Immunization # of rabbits
Group 1: HS Vietnam enhanced VLP 6
Group 2: HS Indonesia enhanced VLP 6
Group 3: Neg. control 6
2b Passive transfer of rabbit sera to mice for challenge # of mice
Group 1: HS Vietnam enhanced VLP 32
Group 2: HS Indonesia enhanced VLP 32
Group 3: Neg. control 32
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EXAMPLE 7

Basic VLPs Induce Homotypic and Heterosubtypic
Protection Against Lethal Challenge in Mice

An immunization and challenge study employing basic
HIN1 VLPs (gag+HA(H1)+NA(N1)) for immunization and
mouse adapted HIN1 (A/PR/8/34) and H3N2 swarm
(A/HK/68+A/Menm/85) challenge viruses was conducted.
FIG. 5 shows hemagglutination inhibition (HAI) titers in
mice following primary and booster immunization with 5 pug
HIN1 VLP and 20 pg monophosphoryl lipid A (MPL) in
saline. I.P. immunizations were spaced 4 weeks apart and
serum samples were collected 2 weeks following each
immunization. Sera samples were treated with receptor-
destroying enzyme (RDE) and assayed for HAI activity
using a standard assay employing fresh chick RBCs. All 16
VLP-immunized animals developed strong HAI titers
against egg-grown HIN1 (A/PR/8/34). As expected, no HAI
activity was observed against H3N2 swarm (A/HK/68+A/
Mem/85). Naive control animals also exhibited no HAI
reactivity against either HIN1 or H3N2 viruses.

Five weeks following the booster immunization, vacci-
nated and naive animals (16 mice per group) were divided
into two 8-mouse cohorts and challenged with 10 LDy, of
mouse-adapted HIN1 (A/PR/8/34) and H3N2 swarm
(A/HK/68+A/Menm/85), respectively. Survival data are
shown in FIG. 6. As expected from the HAI titers, 100%
survival was observed in VLP-vaccinated mice challenged
with the HIN1 virus. Unexpectedly, 100% survival was also
observed in VL.P-vaccinated animals challenged with H3N2
swarm despite the absence of any detectable H3 HAI
activity (other humoral and cellular assays have yet to be
performed). All naive animals challenged with HIN1 or
H3N2 exhibited marked morbidity and 7 of 8 animals in
each naive challenge group either died or were sacrificed
after being found moribund.

Weight loss data following the challenge are plotted in
FIG. 7 and reveal different patterns of morbidity in the
various groups. Animals were examined daily for signs of
illness and weight loss. As expected, VLP-vaccinated ani-
mals challenged with HIN1 showed little if any weight loss
and exhibited no signs of illness. On the other hand, VLP-
vaccinated animals challenged with H3N2 swarm exhibited
a maximal weight loss of approximately 15% of their initial
body weight but quickly recovered most of the lost weight
by day 13 post-challenge. These animals remained fully
active and exhibited little in the way of additional symp-
toms. As stated above, all naive animals were fully suscep-
tible to both H1 and H3 challenges as shown by both the
survival and weight loss data.

The survival and weight loss data in FIGS. 6 and 7
demonstrate an inherent capability of this technology plat-
form to induce significant heterosubtypic protection against
influenza viral challenge. Heterosubtypic protection against
influenza in mice and other models is generally associated
with live infections or live vaccines (rather than inactive
immunogens) and has been shown to involve both humoral
and cellular components, often recognizing conserved anti-
gens such as NP and M1, and M2. That heterosubtypic
protection has been demonstrated in this experiment using a
non-replicating VL.P vaccine containing only an H1 HA and
an N1 NA is unexpected. It is especially noteworthy that the
H3N2 virus was a swarm virus that included two drift
variants of H3N2. Thus, the VLP vaccine provided protec-
tion against two variants of a different subtype of influenza
virus. While additional studies are underway to determine
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the mechanism of heterosubtypic protection, these data
demonstrate the inherent robustness of this VLP vaccine
platform for providing protection against widely divergent
viruses. This is of obvious importance in situations such as
a pandemic threat where the available vaccine and circulat-
ing viruses may be poorly matched.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 5
<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 1

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 1

tccatgacgt tectgacgtt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 2

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 2

tcteccageyg tgegecat

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 3

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 3

accgatgacyg tecgecggtga cggcaccacg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 4

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 4

tegtegtttt gtegttttgt cgtt

<210> SEQ ID NO 5

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
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-continued
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Construct
<400> SEQUENCE: 5
tccatgacgt tcectgatgcet 20
What we claim is: 10 16. An chimeric influenza virus-like particle expression

1. A chimeric influenza virus-like particle (VLP) com-
prising a gag poiypeptide, an influenza hemagglutinin poly-
peptide, and an influenza neuraminidase polypeptide,
wherein said VIP does not comprise influenza matrix M1
protein or fragments thereof; and wherein the hemagglutinin
polypeptide subtype is selected from the group consisting of
H1, H3, and H5.

2. The chimeric influenza virus-like particle of claim 1,
wherein said gag polypeptide is from a retrovirus selected
from the group consisting of: murine leukemia virus, human
immunodeficiency virus, Alpharetroviruses, Betaretrovi-
ruses, Gammaretroviruses, Deltaretroviruses and Lentivi-
ruses.

3. The chimeric influenza virus-like particle of claim 2,
wherein said gag polypeptide is from a murine leukemia
virus.

4. The chimeric influenza virus-like particle of claim 1,
wherein said hemagglutinin polypeptide is covalently linked
to an additional influenza antigen, wherein said antigen is
not M1 or fragments thereof.

5. The chimeric influenza virus-like particle of claim 4,
where said additional influenza antigen is an influenza virus
M2 epitope.

6. The chimeric influenza virus-like particle of claim 5,
where said influenza virus M2 epitope is covalently linked
to the N-terminus of the hemagglutinin polypeptide.

7. The chimeric influenza virus-like particle of claim 1,
wherein said neuraminidase polypeptide is covalently linked
to an additional influenza antigen, wherein said antigen is
not M1 or fragments thereof.

8. The chimeric influenza virus-like particle of claim 7,
where said additional antigen is an influenza virus M2
epitope.

9. The chimeric influenza virus-like particle of claim 1,
further comprising an adjuvant in admixture with said
virus-like particle, wherein said adjuvant is not influenza M1
protein or fragments thereof.

10. The chimeric influenza virus-like particle of claim 9,
wherein said adjuvant is located inside said virus-like par-
ticle.

11. The chimeric influenza virus-like particle of claim 10,
wherein said adjuvant is covalently linked to said gag
polypeptide.

12. The chimeric influenza virus-like particle of claim 9,
wherein said adjuvant is located outside said virus-like
particle.

13. The chimeric influenza virus-like particle of claim 12,
wherein said adjuvant is covalently linked to said hemag-
glutinin polypeptide.

14. The chimeric influenza virus-like particle of claim 12,
wherein said adjuvant is covalently linked to said neuramini-
dase polypeptide.

15. The chimeric influenza virus-like particle of claim 9,
wherein said adjuvant comprises an adjuvant-active frag-
ment of flagellin.
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vector system, wherein said expression vector system com-
prises: a first nucleotide sequence encoding a gag poiypep-
tide, a second nucleotide sequence encoding an infiuenza
neuraminidase polypeptide, and a third nucleotide sequence
encoding an influenza hemagqlutinin poiypeptide, wherein
the hernagglutinin polypeptide subtype is selected from the
group consisting of H1, H3, and HS, and wherein a nucleo-
tide sequence encoding influenza matrix M1 protein or
fragments thereof is not provided; wherein upon expression
in a cellular host, said poiypeptides form a chimeric influ-
enza virus-like particie.

17. The chimeric influenza virus-like particle expression
system of claim 14, wherein said first, second, and third
nucleotide sequences are in a single expression vector.

18. The chimeric influenza virus-like particle expression
system of claim 17, wherein said first, second, and third
nucleotide sequences are operably linked to a single pro-
moter.

19. The chimeric influenza virus-like particle expression
system of claim 14, wherein said first, second, and third
nucleotide sequences are in multiple expression vectors.

20. A method for producing a chimeric influenza virus-
like particle, comprising:

(a) providing one or more expression vectors, together
which express a gag polypeptide, an influenza hemag-
glutinin polypeptide, and an influenza neuraminidase
polypeptide; wherein influenza matrix M1 protein or
fragments thereof are not provided and wherein the
hemagglutinin polypeptide is from a subtype selected
from the group consisting of H1, H3, and HS;

(b) introducing said one or more expression vectors into
a cell in a media;

(c) expressing said gag polypeptide, hemagglutinin poly-
peptide, and neuraminidase polypeptide to produce said
chimeric influenza virus-like particle (VLP); and

(d) recovering and purifying said resulting chimeric
VLPs.

21. The method of claim 20, wherein said expression

vector is a viral vector.

22. The method of claim 21, wherein said viral vector is
selected from the group consisting of: a baculovirus, an
adenovirus, a herpesvirus, a poxvirus and a retrovirus.

23. The method of claim 22, wherein said viral vector is
a baculovirus.

24. The method of claim 20, wherein said cell is selected
from the group consisting of: an insect cell and a mammalian
cell.

25. The method of claim 24, wherein said cell is an insect
cell.

26. The method of claim 20, wherein said expression
vector is a baculovirus and said cell is an insect cell.

27. A method for eliciting an immune response against
influenza virus comprising administering to a subject a
chimeric influenza virus-like particle (VLP), thereby induc-
ing an immune response against influenza virus in the
subject, wherein said VLP comprises:
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a) a Gag polypeptide,

b) an influenza hemagglutinin polypeptide, and

¢) an influenza neuraminidase polypeptide,

wherein said particle does not comprise influenza matrix

M1 polypeptide or fragments thereof, wherein the
hemaggiutinin polypeptide subtype is selected from the
group consisting of H1, H3, and H5, and wherein the
administering method is selected from the group con-
sisting of subcutaneous delivery, transcutaneous deliv-
ery, intradermal delivery, subdermal delivery, intramus-
cular delivery, intraperitoneal delivery, and intravenous
delivery.

28. A pharmaceutical composition comprising an immu-
nogenic amount of the VLP of claim 1.

29. The pharmaceutical composition of claim 28, further
comprising a pharmaceutically acceptable carrier.

30. The pharmaceutical composition of claim 28, wherein
the neuraminidase polypeptide is from influenza A.

31. The pharmaceutical composition of claim 28, wherein
the neuraminidase polypeptide is from influenza B.

32. A method for eliciting a protective immune response
against influenza viral infection comprising administering to
a subject in need thereof a therapeutically effective amount
of a chimeric influenza virus-like particle (VLP), thereby
inducing a protective immune response against influenza
virus in the subject, wherein said VLP comprises:

a) a Gag polypeptide,

b) an influenza hemnagglutinin polypetide, and

¢) an influenza neuraminidase polypeptide,

wherein said particle does not comprise influenza matrix

M1 polypeptide or fragments thereof, wherein the
hemagglutinin polypeptide subtype is selected from the
group consisting of H1, H3, and H5, and wherein the
administering method is selected from the group con-
sisting of subcutaneous delivery, transcutaneous deliv-
ery, intradermal delivery, subdermal delivery, intramus-
cular delivery, intraperitoneal delivery, and intravenous
delivery.

33. The method of claim 32, wherein the protective
immune response includes protection against heterosubtypic
or drift variants.
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34. The method of claim 33, wherein the heterosubtypic
protection includes protection against H2, H3, H5, H7 or H9
influenza viruses and the hemagglutinin polypeptide is an
H1 subtype.

35. The method of claim 33, wherein the heterosubtypic
protection includes protection against H2, HS, H7 or H9
influenza viruses and the hemagglutinin poiypeptide is an
H3 subtype.

36. The method of claim 33, wherein the heterosubtypic
protection includes protection against H1, H2, H3, H7 or H9
influenza viruses and the hemagglutinin polypeptide is an
HS subtype.

37. The method of claim 33, wherein the heterosubtypic
protection includes protection against H1 influenza viruses
and the hemagglutinin polypeptide is an HS subtype.

38. The method of claim 33, wherein the neterosubtypic
protection includes protection, against H3 influenza viruses
and the hemagglutinin polypeptide is an H1 subtype.

39. The method of claim 33, wherein the heterosubtypic
protection includes protection against N2 influenza viruses
and the neuraminidase polypeptide is an N1 subtype.

40. The method of claim 33, wherein the heterosubtypic
protection includes protection against H3N2 influenza
viruses and the hemagglutinin polypeptide is an H1 subtype
and the neuraminidase polypeptide is an N1 subtype.

41. The method of claim 32, wherein the protective
immune response includes homotypic protection.

42. The method of claim 41, wherein the homotypic
protection includes protection against drift variants of the
hemagglutinin polypeptide.

43. The method of claim 41, wherein the hemagglutinin
polypeptide is an H1 subtype.

44. The method of claim 41, wherein the homotypic
protection includes protection against drift variants of the
neuraminidase polypeptide.

45. The method of claim 43, wherein the neuraminidase
polypeptide is an N1 subtype.

46. The method of claim 32, wherein the protective
immune response incliudes protection against drift variants
of the influenza hemagglutinin polypeptide.

47. The method of claim 32, wherein the protective
immune response includes protection against drift variants
of the influenza neuraminidase polypeptide.
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